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Tue increasing bulk of the annual volume of Transactions has induced the 


Publication Committee to discontinue the insertion of the full list of members 


among the preliminary matter therein. The list which would appear is that 


which was published under date of July 1, 1891, as the second edition of the 


Twelfth Catalogue. The following summary records the members in each grade : 
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SUMMARY. 


Life Members 

Members 

Juniors . 


Total 
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i} 
18 
13 
1,119 
52 
142 
1,344 
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RULES 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 


[Adopted November 5th, 1884.} 


OBJECTS. & 


Arr. 1. The of the American oF MEcHaNtcat 
ENGINEERS are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of profes- 
sional papers, and to circulate, by means of publication among its 
members, the information thus obtained. 


Anr. 2. The ty shall consist of Members, Mem- 
bers, Associates and Juniors. 

Art. 3. Mechanical, Civil, Military, Mining, Metallurgical and 
Naval Engineers and Architects may be candidates for member- 
ship in this Society. 

Art. 4. To be eligible as a Member, the candidate must have been 
so connected with some of the above-specified professions as to be 
considered, in the opinion of the Council, competent to take charge 
of work in lis department, either as a designer or constructor, or 
else he must have been connected with the same as a teacher. 

Art. 5. Honorary Members, not exceeding twenty-five in num- 
ber, may be elected. They must be persons of acknowledged pro- 
fessional eminence who have virtually retired from practice. 

Art. 6. To be eligible as an Associate, the candidate must have 
such a knowledge of or connection with applied science as quali- 
fies him, in the opinion of the Council, to co-operate with engineers 
in the advancement of professional l:nowledge. : 
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ArT. 7. To be eligible as a Junior, the candidate must have 
heen in the practice of engineering for at least two years, or he 
must be a graduate of an engineering school. 

The term “Junior” applies to the professional experience, and 
not to the age of the candidate. Juniors may become eligible to 
membership. 

Arr. 8. All Members and Associates shall be equally entitled to 
the privileges of membership. Honorary Members and Juniors 
shall not be entitled to vote nor to be members of the Counce. 


ELECTION OF M EMBERS. 


“Ant. 9. Every candidate for admission to the Society, excepting 
candidates for honorary membership, must be proposed by at least 
three members, or members and associates, to whom he must be 
personally known, and he must be seconded by two others. The 
proposal must be accompanied by a statement in writing: by the | 
candidate of the grounds of his application for election, including | 
an account of his professional experience, and an agreement that_ 
he will conform to the requirements of membership if elected. 

Arr. 10. All such applications and proposals must be received | 
and acted upon by the Council at least thirty days before a regu-— 
lar meeting, when the Secretary shall at once mail to each mem- 
ber and associate, in the form of a letter ballot, the names of can- 
didates recommended by the Council for election. 

Art. 11. Any member or associate entitled to vote may erase 
the name of any candidate, and may, at his option, return to the — 
Secretary such ballot enclosed in two envelopes, the inner ore to — 
be blank and the outer one endorsed by the voter. 

Ant. 12. The rejection of any candidate for admission as mem- 
ber, associate, or junior, by seven voters, shall defeat the elec- 
tion of said candidate. The rejection of any candidate for admis- 
sion as honorary member by three voters shall defeat the election 
of said candidate. 

Art. 13. The said blank envelopes shall be opened by the 
Council at any meeting thereof, and the names of the candidates 
cleeted shall be announced in the first ensuing meeting of the So- 
ciety, and also in the first ensuing list of members. The names 
of candidates not elected shall neither be announced nor recorded 
in the proceedings 

Arr. 14.—Candidates for admission as honorary members shall 
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not be required to present their claims; those making the nomi- 
nations shall state the grounds therefor, and shall certify that the 
nominee will accept if elected. The method of election in other 
respects shall be the same as in case of other candidates. 

Arr. 15. All persons elected to the Society, excepting honorary 
members, must subscribe to the rules and pay to the Treasurer 
the initiation fee before they can receive certificates of member- 
ship. If this is not done within six months of notification of elec- 
tion, the election shall be void. 

Art. 16. The proposers of any rejected candidate may, within 
three months after such rejection, lay before the Council written 
evidence that an error was then made, and if a reconsideration is 
granted, another ballot shall be ordered, at which thirteen nega- 
tive votes shall be required to defeat the candidate. 

Art. 17. Persons desiring to change the class of their member- 
ship shall be proposed in the same form as described for a new 

FEES AND DUES. | fr 

Arr. 18. The initiation fees of members and associates shall be 
$15, and their annual dues shall be $10, payable in advance. The 
initiation fee of juniors shall be $10, and their annual dues $5, 
payable in advance. A junior, being promoted to full membership, 
shall pay an additional initiation fee of $5. Any member or as- 
sociate may become, by the payment of $150 at any one time, « 
life member or associate, and shall not be liable thereafter tc 
annual dues. 

Arr. 19. Any member, associate or junior, in arrears may, at 
the discretion of the Council, be deprived of the receipt of publi- 
, or stricken from the list of members, when in arrears for 
one year. Such person may be restored to membership by the 
Council on payment of all arrears, or by re-election after an inter- 


val of three years. 
OFFICERS. 


cations 


Arr. 20, The affairs of the Society shall be managed by a Coun- 
cil, consisting of a President, six Vice-Presidents, nine Managers 
and a Treasurer, who shall also be the Trustees of the Society. 

All past (Ex) Presidents of the Society, while they retaiu their 
membership therein, shall be known as Honorary Councillors, and 
shall be entitled to receive notices of all meetings of the Council 
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and may take part in any of its deliberations ; they shall be en. 
titled to vote upon all questions except such as affect the legal 
rights or obligations of the Society or its members. 

Art. 21. The members of the Council shall be elected from 
among the members and associates of the Society at the annual 
meetings, and shall hold office as follows : 

The President and the Treasurer for one year; and no per-on 
shall be eligible for immediate re-election as President who shall 
have held that office for two consecutive years ; the Vice-Presi- 
dents for two years and the Managers for three years ; and no 
Vice-President or Manager shall be eligible for immediate re- 
election to the same office at the expiration of the term for which 
he was elected. 

Arr. 22. A Secretary, who shall be a member of the Society, 
shall be appointed for one year by a majority of the members of 
the Council at its first meeting after the annual election, or as soon 
thereafter as the votes of a majority of the members of the Council 
can be secured for a candidate. The Secretary may be removed 
by a vote of twelve members of the Council, at any time after one 
month’s notice has been given him by a majority of its members 
to show cause why he should not be removed, and he has been 
heard to that effect. The Secretary may take part in any of the 
deliberations of the Council, but shall not have a vote therein. 
His salary shall be fixed for the time he is appointed by a majority 
vote of the Council. 

Art. 23. At each annual meeting, a President, three Vice-Presi- 
dents, three Managers and a Treasurer shall be elected, and the 
term of office of each shall continue until the end of the meeting 
at which their successors are elected. 

Arr. 24. The duties of all officers shall be such as usually per- 
tain to their offices or may be delegated to them by the Council 
or by the Society. The Council may, in its discretion, require 
bonds to be given by the Treasurer. 

Art. 25. The Council may, by vote of a majority of all its 
members, declare the place of any officer vacant, on his failure for 
one year, from inability or otherwise, to attend the Council meet- 
ings, or to perform tle duties of his office. All such vacancies 
and those ocenrring by death or resignation shall be filled by the 
appointment of the Council, and any person so appointed shall 
hold office for the remainder of the term for which his predecessor 
was elected or appointed; provided that the said appointment 
shall not reader lim ineligible at the next annual meeting. 
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Art. 26. Five members of the Council shall constitute a quorum ; 
but the Council may appoint an Executive Committee, or business 
may be transacted at a regularly called meeting of the Council, at 
which less than a quorum is present, subject to the approval of 
a majority of the Council, subsequently given in writing to the 
Secretary and recorded by him with the minutes. Absent mem- 
bers of the Council may vote by proxy upon subjects stated in the 
call for a meeting, said proxy to be deposited with the Secretary. 

Art. 27. The President on assuming office shall appoint a_ 
Finance Committee and a Publication Committee and a Library — 
Committee of five members each. The appointment of two mem- 
bers of each Committee shall expire at the end of each year. The > 
Secretary shall, ex oficiv, be a member of all three Committees, | 

Arr. 28.—The Finance Committee shall have power to order 
all ordinary or current expenditures, and shall audit all bills there- 
for. No bill shall be paid except upon their audit. When spe- 
cial appropriations are ordered by the Society, they shall not take 
effect until they have been referred to the Council and Finance 
Committee in conference. 

Arr. 29. It shall be the duty of the Publication Committee to 
receive all papers contributed, to decide which shall be published 
in the Transactions, and which shall be read in full at the meetings. 

Arr. 30. It shall be the duty of the Library Committee to take 
charge of the collection of all material for the Library of the Se- 
ciety, and to supervise all regulations for its use. 


ELECTION Uf OFFICERS. 


Arr. 31. At the regular meeting preceding the annual meeting 
& nominating committee of five members, not officers of the Soci- 
ety, shall be appointed, and this committee shall, at least thirty 
days before the annual meeting, send to the Secretary the names 
of nominees for the offices falling vacant under the rules. In ad- 
dition to such regularly appointed committee, any other five mem-_ 
bers or associates, not in arrears, may constitute an independent — 
nominating committee, and may present to the Secretary, at least: 
thirty days before the annual meeting, all the names of such ean= 
didates as they may select. All the names of such independent 
nominees shall be placed upon the ballot list with nothing to dis- 
tinguish them from the nominees of the regular committee, and 
the Secretary shall at once mail the said list of names to each 
member and associate in the form of a letter ballot, it being un-— 
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RULES OF THE 
derstood that the assent of the nominees shall have been secured 
in all cases 


Art. 32. In the election of Vice-Presidents, each member and 
associate may cast as many votes as there are Vice-Presidents to 
be elected. He may give all these votes to one candidate, or dis- 
tribute them among more, as he chooses. Managers shall be 
voted for in the same way. 

Arr. 33. Any member or associate entitled to vote may vote by 
retaining or changing the names on said list, leaving names not 
exceeding in number the oflicers to be elected, and returning the 
list to the Secretary—such ballot inclosed in two envelopes, the 
inner one to be blank and the outer one to be indorsed by the 
voter. No member or associate in arrears since the last annual 
meeting shall be allowed to vote until said arrears shall have been 
paid, 

Art. 34. The said blank envelopes shall be opened by tellers 
at the annual meeting, and the person who snall have received the 
greatest number of votes for the sever 
elected. 


al offices shall be declared 


Art. 35. The annual meeting of tle Society shall be held on 
the first Thursday in November of each year, in the City of New 
York, unless otherwise ordered, at which a report of proceedings 
and an abstract of the accounts shall be furnished by the Council. 
The Council may change the place of the annual meeting, and 
shall, in that case, give timely notice to members and associates. 

Art. 36. Cther regular meetings of the Society shall be held in 
each year at such time and place as the Council may appoint. At 
least thirty days’ notive of all meetings shall be mailed by the 
Secretary to members, honorary members, associates and juniors. 

Art. 37. Special meetings may be called whenever the council 
may see fit; and the Secretary shall call a special meeting at the 
written request of twenty or more members. The notices for 
special meetings shall state the business to be transacted, and no 
other shall be entertained. 

Arr. 38. Any member, honorary member or associate may 
introduce a stranger to any meeting; but the latter shall not take 
part in the proceedings without the consent of the meeting. 

Art. 89. Every question which shall come before the Society 
shall be decided, unless otherwise provided by these rules, by the 
votes of a majority of the members and associates present, pro 
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Arr. 40. At any regular meeting of the Society thirteen or more — 
members and associates shall constitute a quorum. 

Arr. 41. Unless otherwise ordered, papers shall be read in the 
order in which their text is received by the Secretary. Beforc 
any paper appears in the Zransactions of the Society a copy of 
the paper shall be sent to the author, and, so far as possible, a 
copy of the reported discussion shall be sent to every member 
who took part in the same, with requests that attention shall be 
salled to any errors therein. 

Arr. 42. The Society shall claim no exclusive copyright in 
papers read at its meetings, nor in reports of discussions, except 
in the matter of official publication with the Society's imprint, as 
its Zransactions. The Secretary shall have sole possession of 
papers between the time of their acceptance by the Publication 
Committee and their reading, together with the drawings illustrat- 
ing the same; and at the time of such reading, or as soon there- 
after as practicable, he shall cause to pe printed, with the authors’ 


consent, copies of such papers, “ subject to revision,” with such = 


illustrations as are needed for the Zransactions, for distribution 
to the members and for the use of technical newspapers, American 
and foreign, which may desire to reprint them in whole or in part. 
The policy of the Society in this matter shall be to give papers 
read before it the widest circulation possible, with the view of 
making the work of the Society known, encouraging mechanical 
progress, and extending the professional reputation of its members. 

Arr. 43. The author of each paper read before the Society 
shall be entitled to twelve copies, if printed, for his own use, and 
all members shall have the right to order any number of reprints 
of papers at a cost to cover paper and printing ; provided, that 
said copies are not intended for sale. 

Art. 44. The Society is not, as a body, responsible for the 
statements of fact or opinion advanced in papers or discussions, 
at its meetings ; and it is understood that papers and discussions 
should not include matters relating to politics or purely to trade. 


AMENDMENTS. 


Art. 45. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present ; provided, that writ- 
ten notice of the proposed amendment shall have been given at a 
previous meeting. 
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(XXIId) 


OF THE 
AMERICAN SOCIETY OF MECHANICAL 
November 11th to 14th, 1890. 


LOCAL COMMITTEE OF ARRANGEMENTS :—MEssrs. F. F. Dav 18, 
A. Il. Raynal, Secretary; Archer, Brooks, Burgwyn, Delaney, Mellin, Greenwood, 
Sherrell, and Simpkin. 


First Day. Novewper 11, 1890. 
The XXIId meeting of the American Society of os 
Engineers was also its Eleventh Annual Meeting, and was con- 
vened in the city of Richmond, Va., the sessions bei sing held in the 


Assembly Hall, in connection with the Exchange Hotel , of that 
city. 

The opening session was called to order by Mr. E. F. C. 
Davis, Chairman of the Committee of Arrangements, who intro- 
duced his Honor Mayor J. T. Ellyson, of Richmond. 

After an appropriate address of welcome by the mayor, the 
retiring president, Oberlin Smith, delivered his annual address, 
entitled “ The Engineer as a Scholar and a Gentleman.” 

The tellers to count the ballots cast for officers of the Society 
for the ensuing year were appointed under Article 34, and the 
session adjourned. 

In the evening a reception was tendered to the Society at the 
house of Governor Philip McKinney, of Virginia, in the historic 
mansion in Capitol Square. 


Sreconp Day. Wepnespay, November 12. 


The first session for business was convened in the Assembly 
Hall at half past nine o’clock. The Secretary's register in 

* Presented at the Richmond meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XII. of the Transactions. 
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headquarters showed the following members in attendance 
during the convention : 


Adams, Wm. H ... New York City. 

_ Allison, Robert Port Carbon, Pa. 
Almond, Thos. R Brooklyn, N. Y. 

Albree, Chester B Allegheny, Pa. 
Ashworth, Daniel Pittsburgh, Pa. 

- Archer, Edward R ..Richmond, Va. 

Babbitt, Geo. R Providence, R. I. 

Bab, Prank Ti. (Manager)... Brie, Pa, 

~ Barnes, Abel T Jamaica Plain, Mass. 

Barr, William M Philadelphia, Pa. 

- Barrus, Geo. H Boston, Mass. 

Beach, Chas. S Bennington, Vt. 
Bennett, Frank M Washington, D. C. 
Bond, Geo. M. (Manager) Hartford, Conn. 
Bray, Chas. W Youngstown, Ohio. 
Britton, J. W Cleveland, Ohio. 

~ Brooks, Wm. B Richmond, Va. 

Brotherhood, Fred Richmond, Va. 

- Campbell, Andrew C Waterbury, Conn. 
Washington, D. C. 

Dallett, W. P Philadelphia, Pa. 
Darling, Edward Pawtucket, R. I. 

Dashiell, Baltimore, Md. 

Davis, E. F. Richmond, Va. 
Delaney, Alexander Richmond, Va. 

Denton, James EF, (Manager) Hoboken, N. J. 

Doran, Wm. 8 ork City. 

_ Engel, Louis G 
Field, Cornelius J City. 

Fladd, Frederic C New York City. 
Gobeille, Jos. Leon Cleveland, Ohio. 

~ Graves, Erwin Camden, N. J. 

Grimm, Paul H Glen Cove, L. 1., N. ¥. 
Hand, Frank Ludlam Philadelphia, Pa. 


y 
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Henderson, Alexander. -....Boston, Mass. 
Holloway, York City. 
Hunt, Charles Wallace: New York City. 
Hutton, Frederic R. (Seere New York Ciry, 
Laforge, Fred’k Henry.............. Waterbury, Conn. 
New York City. 
City, 
MacFarland, Walter M........................ Washington, D. 
Nason, Carleton W. New York City. 


Rood, Verne» H 


See, Horace (Past President)..................New York City. 
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Smith, Oberlin (President) . Bridgeton, N. J. 
Smith, Scott A....... .. Providence, R. 
Snell, Henry | Philadelphia, Pa. 
Spaulding, H. C Boston, Mass 
Stirling, Allan pean New York City. 
Svenson, John Scranton, Pa. 
Swasey, Ambrose ‘ Cleveland, Ohio. 
Thomson, John yew York Ciry. 
Charlottesville, Va. 
Tucker, Wm. B Elizabeth, N. 
Vanderbilt, Aaron New York City. a 
Boston, Mass. 
Cleveland, Ohio. 
Wheeler, F. Meriam New York City. 
White, William, Jr Pittsburgh, Pa. 
Whitehead, Geo. FE. ... Providence, R. I. 
Whitney, Baxter D Winchendon, Mass. 
Whitney, W. M Winchendon, Mass. 
Wilcox, John F ‘ Pittsburgh, Pa 
New York City 
Wood, W. Philadelphia, Pa. 
Wood, Walter Philadelphia, Pa. 


There was also a number of guests present and a large dele 
tion of ladies, 
The first order of business was : 


THE ANNUAL REPOLT OF COUNCIL. 

The Council would beg leave to present its Annual Report as 
follows: 

It has held seven meetings during the year for the transaction 
of business, and the following is a summary of its action, in addi 
tion to the usual routine of labor: 

The committee proposed, in a resolution of Henry I. Towne, 
at the annual meeting of 1889, to consider the advisability of 
establishing in this country, what has been called provisionally 
“An Institute or Academy of Engineering,” was duly. appointed 
by the Council, to consist of Messrs. Towne, Thurston, and Sellers, 
of this Society, and at their request three members were ap- 
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with them. 

The Society of Civil Engineers appointed Messrs. Brush, Col- 
lingwood, and Michaelis. 

The Institute of Mining Engineers appointed Messrs. MeDon- 
ald, Rolker, and Kirchhoff ; and the Institute of Electrical Engi- 
neers appointed Messrs. Martin, Upton, and Crocker. 

The committee of this Society reported several times during 
the year the steps which they had taken in connection with the in- 
dividual members of the other committees, and a draught for a pro- 
posed scheme for such an organization was prepared by the com- 
mittee of this Society, and submitted, confidentially, for criticism. 

The Association of Engineering Societies of Chicago appointed 
acommittee to prepare an address to the Engineering Societies of 
the United States, also with reference to the formation of a Na- 
tional Engineering Society. This committee, since March 12, 1890, 
has consisted of Messrs. J. B. Johnson, Wm. B. Knight, and B. 
Williams. 

On April 25, 1890, the committee of the Institute of Mining 
Engineers wrote: “We feel that we cannot pledge the Institute 
to the conclusions reached by your deliberations, or that we could 
add much of value to the latter on the specific points considered 
in the proposals.” 

On June 10, 1890, the Society of Civil Engineers, through its 
Secretary, reported that they deemed the consideration of the pro- 
posed organization inexpedient at the present time. 

Whatever, therefore, may be planned hereafter by the committee 
of this Society will obviously be upon different lines from those 
proposed when the committee was first constituted. 

The committee of the Society on “Standards ” received from the 
Council an appropriation, not to exceed $250, for the furtherance 
of the work intrusted to them. 

The committee appointed to express to the mayors of the 
leading American cities their sympathy with the movement to 
hold a World’s Fair in the near future, presented a report at the 
meeting in May, 1890, which will be found in Volume XI. 

The Society has moved during vhe year from its former quar- 
ters at 64 Madison Avenue to the house owned by the Mechanical 
Engineers’ Library Association at No. 12 West Thirty-first Street 
The steps leading to this action have been very carefully considered 
at special meetings of the Council, and the action was only consum- 
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mated after very careful advice taken from interested members of 
the Society. The Society rents from the Mechanical Engineers’ 
Library Association the parlor floor, which it uses as an office 
and members’ rendezvous, and the auditorium at the rear. On the 
floor below, it occupies the front room as a stenograplher’s office 
and writing-room for the transaction of office routine; and the 
large room in the rear, under the auditorium, has been fitted up 
as a banquet or collation room, for social purposes in connection 
with reunions in the auditorium above. 

The Society also has the privilege of the use of certain rooms 
on the third and fourth floors, as bachelor apartments or sleep-: 
ing rooms for members of the Society, at the rate of $1.50 per 
night, or $10 per week for longer occupancy. While these rooms 
are plainly furnished, the beds have been made particularly lux- 
urious; and it is the desire of the Council that the members 
of the Society coming to New York should make the house their 
home during their stay in the city. This move was particularly 
intended to secure for the non-resident membership benefits 
in the occupancy of the house which it is hoped they will appre- 
ciate. 

The Society Library is rented to the trustees of the Library 
Association, who maintain it as a free public library, and it is 
open to every oue between the hours of ten in the morning and 
ten in the evening. The evening opening of the library and build- 
ing has proved itself a conspicuous success, and will be continued 
indefinitely, except upon the evenings of the Fourth of July, 
Thanksgiving, and Christmas. 

The codperation of this Society was requested through its 
Council in the matter of extending its courtesies to the Iron and 
Steel Institute of Great Britain, and the cognate organization from 
Germany which made its visit with them to the United States. 

Besides the codperation extended by individuals, the Council 
put its house quarters at the service of the Institute before they 
left England, and repeated these offers on the arrival of the party 
in this country. Quite a number of them made it a point to visit 
the Society’s house during their stay. 

The Council has received from the committee managing the 
details of the Cincinnati convention a gift of the surplus remain- 
ing in their hands after all the expenses of the meeting had been 
paid. This gift, amounting to $218.90, the Council were requested 
either to apply to the library or the house fund. The Council 


| 
i 


RICHMOND MEETING. 

directed that it should be turned over to the library trustees to 
meet the obligations which they had incurred. 

In response to an overture from the committee of the Western 
Society of Engineers of Chicago, a committee of this Society was 
appointed to confer with the representatives of other societies, in 
reference to holding an international congress of engineers, and 
providing an international headquarters during the Columbian 
Exposition. William Forsyth, Jesse M. Smith, Henry B. Stone, 
R. H. Thurston, and Henry It. Towne were appointed such com- 
mittee, and the report of this joint committee will be presented to 
the Society at a later point in the meeting. 

The Hon. B. F. Tracy, Secretary of the United States Navy, 

— requested that the Council of this Society should appoint a com- 
mission of three to decide upon the relative merits of the designs 
of lathes for the new gun factory of the Ordnance Bureau. That 
commission was appointed, to consist of John E. Sweet, 8. T. 
Wellman, and Charles Hl. Morgan, who met in Washington, and 
performed its delicate duty to the satisfaction of all concerned. 

The Council has appointed a committee of the Society to report 
upon standard methods for testing the efficiency of locomotives, 
to consist of William Forsyth, Chairman; F. W. Dean, J. W. 
Cloud, A. 8. Vogt, Allan Stirling, J. E. Denton, and R. H. Soule. 

The memorial adopted by the Society's committee, and ap- 
proved at the May meeting of 1890, to memorialize the United 
States Government in regard to a suitable monument or other 
recognition of the important services to the nation of Captain 
Ericsson, late member of the Society, have directed that the 
memorial be printed and circulated where it would do good, and 
the Council have directed that an engrossed letter of transmittal 
of that memorial to the Secretary of the Navy be sent to him, in 
the furtherance of the work of the committee. 

The issue of a second edition of the first three volumes of 
this Society’s Transactions has been decided upon, the present 
membership having subscribed for an amount in excess of two- 
thirds of the expenses of such re-issue. These first three volumes 
will therefore be issued during the year and printed from plates, 
so that there will be no difficulty in the matter of subsequent 
issues. 


The Council has directed that its Library Committee have power 
to expend, for the purchase of books, such proportion of the fund 
in the savings-bank to the credit of the Library Association as 
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the diseretion of the committee may indicate. That sum is now in 
excess of $2,100, as will appear from the report of the Finance 
Committee ; and the Council, while thanking the members for 
the suggestions which they have made as to desirable books, will 
be glad to have a wider interest taken in this matter by members 
other than those from whom they have heard. 
A fine life-sized portrait of the late Alexander L. Holley, deceased 
founder of the Society, and created honorary member in perpetuity, 
has been presented to the Society by Mrs. Mary LH. Bunker, for- 
~merly Mrs. A. L. Holley. This portrait will be hung upon the walls 
of the assembly room of the Society, and the Council has directed 
that at an early day suitable ceremonies of unveiling be held in 
: the Society's house, to give expression to the sentiment of recog- 
nition for the gift and of the distinction which the donor has con- 
ferred. 

By the kindness of Mr. James Dredge, honorary member of 
this Society, a portrait of Sir Henry Bessemer, who was clected 
honorary member of the Society by the Council at its meeting, 

20, 1882, has been presented to the Society, and is also hung 


The Council have directed that a suitably engrossed minute be 
sent to Sir Henry by the executive of this Society, copies of which 
are appended below. 

The Council has had presented to it the question of the advisa- 
bility of the issue of a handbook of engineering similar to that 
issued by the cognate society in Germany. They have directed 
that the question of the expediency of such procedure be presented 
to the Society under the head of new business at this meeting. 

The Council, in addition to the routine of scrutiny of applications, 
has considered favorably a number of requests to present sets of 
its Transactions to libraries of technical schools in this country and 
abroad, and is now considering the question of increasing its ex- 
change list, particularly with French societies and organizations. 

The Council has passed favorably during the year upon 204 
applications for membership in the several grades. 

The losses by death during the year since the last annual report 
have been as follows ; 

Fred. B. Rice, Hector V. Havemeyer, Chas. A, Ashburner, 


Horatio Allen, Gustave Adolph Hirn, Chas. B. Smith, 
Henry J. Davison, Edward H. Owen, Jr. 


The present membership of the Society, including those joining 
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at this meeting and favorably acted upon by the voting members, 
is distributed among the grades as follows : 


~The Council would also present the report of the tellers of elec- 
tion as follows : 
The undersigned were appointed a committee of the Council to 
act as tellers, under Rule 13, to count and serutinize the ballots cast 
for and against the candidates proposed for membership in the 
Society of Mechanical Engineers before the XXIId meeting of 
the Society in November, 1890. 
They would report that they have met upon the designated days 
in the office of the Society and proceeded to the discharge of 
their duties. 
They would certify, for formal insertion in the records of the 
Society, to the election of the appended named persons to their 
respective grades upon lists Nos, 3 and 4, respectively green and 
blue. 
There were 427 votes cast in the ballot upon the green list, of 
which 23 were thrown out because of informalities. 


STEPHEN W. Batpwin, 


Tellers. 
CARLETON W. Nason, 


There were 452 votes cast in the ballot upon the blue list, of 
which 34 were thrown out because of informalities. 


tye 


November 7, 1890. 


STEPHEN W. BaLpwIn, } 


Tellers. 
CarLeTon W. Nason, f 


The lists are appended below. 
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Andrews, Geo. C........... Minneapolis, Minn. 
Archer, Edward R.......... Richmond, Va. 
Bartlett, John E. T............ ...Navy Yard, B’klyn, N. Y. 
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Berg. P. 

Bixby, Edgar M 

Blake, John H... 
Boyden, N. N 
Breckenridge, 
Brotherhood, Fred 
Bull, Goold H 
Bull, Storm 

Carnegie, Andrew 

Christie, FE. 


Homestead, Pa. 


Boston, Mass. 


..New York City. 
Jersey City, N. J. 
Chicago, Ill. 


th Crooker, Ralph, Jr 
Davis, Wm. © 


Ferguson, Geo. R 
Foster, Chas. F 
Freeman, F. 
Fry, Chas. A 
Gandy, Fred’k 
Greenwood, P. 
Grover, Lewis C 
Hammond, Richard 
Henderson, Geo. R 
Hobart, Frank G 
Hoffecker, W. 
Holman, M. 


Pittsburgh, Pa. 
Denver, Col. 
Philadelphia, Pa. 
Brooklyn, N. Y. 
st. Louis, Mo. 
Warren, O. 

ew York City. 
Hamilfon, 0. 
Richmond, Va. 
Hartford, Conn. 
Buffalo, N. Y. 
Roanoke, Va. 
Beloit, Wis. 
Elizabeth, N. J. 
St. Louis, Mo. 


Houston, Chas. Robb 


Cincinnati, O. 


Jarvis, Chas. } 


Leonard, Sam’l H 


Lyon, J. Wyckoff 


Washington, D. C, 
Brooklyn, N. Y. 


Mackiewicz, Victor... Lork City. 


Marshall, Gieo 
Marshall, Robt. E 


Dayton, O. 
Wilmington, D. C, 


Maxwell, James R 
Melcher, Chas. W 
Morison, Geo. S... 
Morton, Geo. L 


Cincinnati, O. 


Chicago, Il. 
Washington, D. C. 


Padgham, Frank W 
Painter, Wm 
Philp, 


Oil City, Pa. 
Baltimore, Md. 
Bethlehem, Pa. 


Pike, Wms. 
Pollock, James 
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Wallace, Wm......... Ansonia, Conn. 


ASSOCIATES, 


of 

JUNIORS 

Hollingsworth, Loftus, Holyoke, Mass. 

PROMOTION TO FULL MEMBERSHIP, 
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The Council would further report that an invitation has been 
received from the members resident in the city of Providence, R. L., 
inviting the Society to hold its spring meeting, or XXIIId con- 
vention, in that city during the month of June, 1891. It has been 
thought advisable that the annual meeting in the autumn of 1891 


should be held in the Society’s house in New York, to introduce 


its facilities and attractiveness to the membership in due form, . 
Respectfully submitted 


By the Couneit. 


As appendix to report of the Council were presented the follow- 
ing copies of minutes referred to therein : 


The Council of the American Society of Mechanical Engineers desire, on 
behalf of that Society, to express their indebtedness to Mrs, Mary H. Bunker for 
the kind feelings which prompted her to present to the Society the well-executed 
portrait of her late husband, Alexander Lyman Holley, one of its founders and 
most steadfast friends. 


While the occasion is one which will not permit an extended review of the 
efforts of Mr. Holley, in the early formation of the Society, we cannot but con 
gratulate its members, now that they are so pleasantly installed in a house of 
their own, in having hung on their walls the portrait of one whose earnest wish 
was for its growth and success, and whose pleasant face will serve as a reminder 
of the past, as well as an inspiration for the future. 

In tendering the donor, on behalf of ourselves and our associates, our warmest 
thanks for this most treasured gift, we hold ourselves as among those who will 
ever keep in pleasant remembrance the name of Alexander Lyman Holley, 
honorary member iu perpetuity, deceased founder of the Society. 


By order of the Council, 
OBERLIN SMITH, President 
— F, R. Hurro ecretary. 


NEw YorK, October, 1890. 


To THE Hon. BENJAMIN F. TRACY, SECRETARY OF THE NAVY, WASHINGTON, 
dD. C. 


Str :—By direction of this Society, a committee, especially appointed for the 
purpose, and consisting of friends of the late Captain Ericsson, and officers or 
past officers of the Society, has prepared the accompanying memorial, asking 
that Congress take action looking toward the proper acknowledgment of the 
great indebtedness of our country, in its time of greatest need, to that great 
inventor and engineer. 

This memorial is intended to present, as well as language permits, a statement 
of the earnest desire on the part of the members and the colleagues of tha: 
distinguished man, that some fitting monument be erected ia memory of the man 
and the engineer, to testify to the gratitude which his adopted country frel- 
toward him; a permanent memorial of the people and the Government of the 
United States ; erected, not to immortalize a name already too well kuown to be 


— 
| 


RICHMOND MEETING. 


forgotten, but to give never-failing testimony to the fact that our gratitude is — 
equally enduring. 
In compliance with the suggestion implied in the communications of the depart- _ 


ment to the chairman of the committee, and by special direction of the Council 
of this Society, this memorial is now transmitted to the Navy Department, with 
the request on the part of its framers, and of the undersigned, representing the 
Society, that it be forwarded to the President, to be by him communicated to 
Congress ; preferably with a special message, together with such suggestions or | 


recommendations as your department may see fit to offer. 


The work of Ericsson was done for the Navy Department directly, and it is, — 
as you have already remarked, fitting that this document should be passed _ 
through that channel, that it may have the indorsement and reénforcement of 
that branch of the Government to which his great work was most important. 


We remain, sir, with greatest respect, 
Pie Your most obedient servants, 


to OBERLIN Smiru, President. 


F. R. Hurron, Secretary. 
To Str Henry BeEsseMER, LONDON, ENGLAND. 

DEAR Sir: The Council of the American Society of Mechanical Engineers 
acknowledge with great pleasure, on behalf of that Society, their obligations to 
you for the portrait of yourself which they have just received through the kind-— 
ness of Mr. James Dredge, of London. 

The American Society of Mechanical Engineers have but recently established 
themselves in their own house, in the city of New York, and they are now 
engaged in decorating and embellishing the same, with the hope that for long — 
years to come it will be the home, and as well the centre of interest, of the 


Mechanical Engineers of the United States. y 
Among the regrets of the engineers of our country is that fact that you could 
not have made a vi-it, in connection with the other members of the British Lron ; 
and Steel Institute of Great Britain, and have seen for yourself, and known as eye- 
Witness, something of the extent and growth of this comparatively young land. . 


Tiis marvellous growth is, we are glad to think, to a large extent due to the im- 
portant invention which bears your honored name. 

While the written thanks of a society whose members may duubtless be 
somewhat unknown to you may not, of itself, convey much cf pleasure, we can- 
not but hope that there will come to you something of delight and satisfaction in 
the thought of the fact that your portrait on our walls, three thousand miles 
away, will be gazed upon by a vast number of engineers, Who hold in kindly ap- 
preciation one who, through difficulties and disappointments and trials which 
would have shaken the faith and made despondent many another, has persevered, 
upheld by an inspiration unfelt by others, until at last triumphant, you won, 
not only for your countrymen, but for all the world, an inestimable boon, and 
for yourself a renown which naught else could equal. 

It is with this hope and belief we send you our hearty thanks for your kind — 
remembrance, and to which we add our own earnest wish that you may live long 
to enjoy, not only the honors of our motherland, but as well the respect of engin- | 
eers the world around. 


By order of Council, 
4 


F. R. Hurron, Secretary. 


we 


| 
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At the close of the report by Council, the second order of busi- 
ness was the report of the Finance Committee of the Society, 
presented as follows : 

The Finance Committee of the American Society of Mechan- 
ical Engineers would respectfully report to the Council the follow- 
ing statement of the receipts and expenditures on behalf of the 
Society, under their direction, during the Society year from No- 
vember, 1889, to November, 1890: 


ANNUAL REPOR 
Receipts. 


17,720 40 
Expenditures. 


General Printing and Stationery. $1,617 71 
Furniture and Fixtures. 686 89 
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Brought forward $15,775 61 
Savings-Bank (Library account) 315 45 
Insurance 24 00 

1,568 31 
387 038 
$17.720 40 

There also remains uncollected dues from members to the 
amount of $176, from nine members resident in this country and 
four resident abroad. There is no doubt of the collectibility of 
this sum, and the committee would eall the attention of the 
membership to the fact that there has been inaugurated the 
practice of drawing upon the members for their dues when eleven 
months overdue. 

The amount in previous years uncollected at the end of the 
fiscal year has almost always been in excess of $700, and the 
Society is to be congratulated upon the healthy and interesting 
condition of the organization, when out of a membership of nearly 
twelve hundred, when this report is made, there should be only 
nine persons behind in their annual dues. 

There stands also to the credit of the Society, for its Library 
Fund, the sum of $2,163.48, deposited in savings-banks and draw- 
ing interest. 

Respectfully submitted 
By the Finance Committee. 


The next order of business was the report of the Society's 
Committee on Library, presented as follows : 


REPORT OF LIBRARY COMMITTEE. 


While the incorporation of the Mechanical Engineers’ Library 
Association, acting in the interest and sympathy with the Society 
of Mechanical Engineers in the development of an engineer- 
ing library, may perhaps appear to render of less moment the 
work of the Library Committee of the A. S. M. E., yet it is the 
intention of those in authority in both organizations that their 
work should be completely distinct, and that there should be no 
abatement in the efforts of the Library Committee to secure, in 
particular, gifts of books to the library, and an increase of the 
fund for current expenses, for binding of periodicals, exchanges, 
ete., which will necessarily draw upon the finances of both organ- 
izations. 
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While the Council of the Society of Mechanical Engineers has 
directed that the books under the control of its Library Com- 
mittee should be loaned to the trustees of the Library Associa 
tion, that arrangement is purely a business matter, such loan 
being a part of the consideration passing between the two organ- 
izations in the form of a rent charge for the space occupied in the 
library building. 

The plan outlined in the original report, in Vol. VI. of the 
Transactions, page 11, has been continued through the year, and, 
with the interruptions incident to a change of location, with a 
reasonable degree of success. Circulars were sent out in the 
beginning of the year, with the bill for the Society dues, to each 


member who had not heretofore subscribed. These circulars ex- 


plained the scheme of the committee, and were accompanied by 
a form of agreemeut as to contributions to the library, in one of 
three forms. 

First: A subscription to a permanent fund, in installments, if 
preferred, for the purchase of books. 

To this fund since the last report there have been subscribed 
from members as follows a 


Vincent G, Hazard, : H. H. Scoville. 


Second : Subscriptions to an amount of $2 to a fund for current 
library expenses, binding of periodicals, exchanges, etc., payable 
as an increase of the dues and at the same time. 

To this call there have been responses since last report in Vol. 
XI. from members as follows : 


James Atkins, 

D. L. Barnes, 
Walter L. Clark, 

W. P. Dallett, 
Julius 8. Hornig, 
Asa M. Mattice, 
Edward 8. Renwick, 
Louis Schutte, 

Geo. A. Suter, 

Isaac G. Sowter, 


Ezra J. Whitaker, 


W.S. G. Baker, 
Percy M. Blake, 
James Christie, 
Edward Dent, 
Edward L, Jones, 
Edward F. Miller, 
David W. Robb, 
Coleman Sellers, 
Jesse M. Smith, 
Henry R. Towne, 
Chas. H. Wilcox, 


William Burnham, 
Francis J. Cole, 
J.J. Dekinder, 

H. A. Gillis, 

W. V. Lowe, 
James McBride, 
Edwin Ruud, | 
Frank L. Shepherd, 
William W. Snow, 
A. Verastegui, 

H. H, Westinghouse. 


There are therefore now 213 members regularly contributing to 
this fund, and members not now interested in it are urged to co- 
operate in the further extension of this plan, and thus induce 
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more widespread interest in the thoroughness of the 


library. 
The total available annual income from this fund is now $432. 
Third: Direct contributions of books, photographs, drawings, 
and manuscripts of value. Under this subdivision there have 


many responses during the year, which the following list is 


intended to catalogue, and to cover contributions received since 
last report in Vol. XI; 


| 


Link-Motion and Expansion Gear, by N. P. Burgh, Engineer. 
Philosophia Britannica, 1771, 2 vols., by B. Martin. 

A Practical Treatise on Railroads, by Nicholas Wood. 

Britannia and Conway Tubular Bridges, by Wm. Fairbairn, C.E. 
Essays on Millwork and other Machinery, by Robertson Buchanan. 


Hl. L. Binsse 


International Centennial Exhibition, 11 vols., by Dorsey Gardner. 


W. C. Lambert : 
The Technologist, Vols. 1 and 2, 1870-71, Industrial Pub. Co., New York. 


W. J. Silver: 
Key to the Universe, by Orson Pratt. 
Current volume of Deseret Weekly. 


B. E. Fernow: 
3 copies of Tratman’s Report on Metal Track, 
H. Thurston : wae 


Patent Office Reports from 1847 to 1855, inclusive. 

Journal of Franklin Institute for 1863-64-65-67, and two numbers of 1860, 
viz.: July and August. 

Set of Spanish drawings. 


Warren 8. Locke: 
rhe Five Orders of Architecture, 1 vol., by Giacomo Barezzi, | 


From Aug. W. Colwell : 
Patent Office Reports and Official Gazette, 91 vols., including General 
Index from 1790 to 18738. 
From J. M. Allen: 
Hartford, Conn., as a Manufacturing, Business, and ‘Commercial 
1 voi., by Hartford Board of Trade. 
From Mrs. Mary H. Bunker, through Mr. L. G. Laureau : 
3 years of Zerah Colburn’s American Railway Review. 
2 years of Mann & Holley’s Railroad Advocate, 
From 8. W. Robinson: 


Appendix, 1884-5, Special Reports to the Commissioner cf Railroads and 
Telegraphs of Ohio, 
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From R. H. Thurston : ae 
Paris/ Bibliotheque Scientifique Nationale, 
Histoire de la Machine a Vapeur, Vols. 1 and 2, bound, 


From J. Hirsch: 
Lecons sur les Machines Vapeur. Paper, Vol. 
Reports du Jury Internationale, Group 4, Class 54.000 | 
Les Machines et les Appareils. De La Mechanique Generale. 


From M. J. Hirsch: 
Notice sur Jes Elevateurs et Plas Inclines pour Canaux. 
Note sur Explosion D’eine Chaudiere a Vapeur. 
Frein Continu Systeme Wagner. ve 
Theorie des Machines Aerothermiques. 
Rapport Commission Centrale des Mach a Tapeurs. 
Rapport Congress Internationale de Mechanique Applique. 
Annales des Conservatoire des Arts et Metiers. 
Reservoir des Mettersheim Deversoir Syphon. 
Rapports Deleguees du Ministre des Traaux Publics, de France sur jes 
Traaux du Congres, 


From J. F. Klein : 


The Law of Proportionate Resistances. _ 


Catalogue Junior Engineers Society of London, 
Electric Cable Traction. 


From Anon: 


Journal of Engineer's Society, Lehigh University. 


From C. E. Billings: 
Hartford, Conn., Board of Trade Circular, 1889, bound, 


De Volson Wood : 

Thermodynamics, Second Edition, bound. 

Dwelshauvers-Dery : 

La Machine a Vapeur. Pamphlet. 


The library still needs Vol. I. of Engineering of London, having 


acquired Vol. II. during the course of the year. 

The series of the Journal of the Franklin Institute begins with 
Vol. XXIX. for 1855, and is complete to the end of Vol. XXXIX.. 
1860. There is then a gap to Vol. LV., January, 1868, after which 
the series is complete to date. Members who may be able to supply 
the missing volumes of this series are cordially urced to interest 
themselves in doing so. 

The following is a résumé of the finances of the Library Fund 
of the Society, from its establishment in 1884 to date : 

There has been actually paid in as cash to the Library Perma- 
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nent Fund and reported in previous reports of the Treasurer and 
Finance Committee : 


For the year 1884-85. $408 40 


gift of Philadelphia Committee)... 206 36 

(transfer from current fund)........ 230 45 

(transfer from current fund)........ 79 25 
Interest account previously rendered.......... $178 34 
Interest to July 1, 35 08 

213 42 


To the fund for current expenses the payments have been as 
follows : 


For the year 1884-85 


1885-86 


1888-89 


The sums which were not to be immediately ex- 


Grand total 


pended were put in savings-banks by order of 
the committee, and have been there accumu- 
lating interest, as the above memorandum 
indicates, 
The disbursements on account of the Library 
Funds for the purchase of books and binaing 
of exchanges and periodicals, has amounted in 
PFOVIOUS FCAPS 20... 


Add expenditure this year......... 164 55 
Transferred from Current to Permanent Fund.. 3809 70 On 
——- 1,215 52 
So that in the savings-banks is a balance of... .. v1) 2,163 48 
as per the Report of the Finance Committee 
given elsewhere, 


The Library Committee would also call attention to the réswme 
at the end of its report, of the report of the Mechanical Engineers’ 
Library Association, which is to be presented at its annual meet- 
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= 
ing in New York shortly, for the information of those who are. 
members of that association. 

The following is a list of exchanges which are continually on 
file in the library ; 


SOCIETIES, AMERICAN. ‘ 

American Society of Civil Engineers, New York City. 
American Institute of Mining Engineers, New York City. 
American Institute of Electrical Engineers, New York City. 
Associated Engineering Societies, St. Louis, Mo. me 
Boston Society Civil Engineers, Boston, Mass, 
Society of Arts, Boston, Mass. 


Canadian Society Civil Engineers, Montreal, Canada 
Civil Engineers’ Association of Kansas, Wichita, Kan. 
Engineers’ Club of Kansas City, Kansas City, Mo. 7 
Engineers’ Society of Western Penna., Pittsburgh, Pa. a 4 
Engineers’ Club of Phila., Phila., Pa. 

Franklin Institute, Phila., Pa. 
Indiana Society Civil Engineers and Surveyors, Remington, Ind. 


Master Car Builders’ Association, New York City. *) : 
U.S. Naval Institute, Annapolis, Md. 4 
Technical Society of Pacitic Coast, San Francisco, Cal. 7 
American Society of Naval Engineers, Washington, D.C. a 
SOCIETIES, FOREIGN. 
= 


Iron and Steel Institute, London, England. 
Institute Engineers and Shipbuilders of Scotland, Glasgow, Scotland. 
Institution Civil Engineers of Great Britain, London, England. 
Institution Mechanical Engineers of Great Britain, London, England. 
Institution Civil Engineers of Ireland, Dublin, Ireland. 

Ingenoirs, Forenginens, Forhandlinger, Stockholm, Sweden. 

Liverpool Engineering Society, Liverpool, England. / 
Mining Institution of Scotland, Hamilton, Scotland. 

N. E. Coast Inst. Eng. and Shipbuilders, Newcastle-on-Tyne, England. 
North of Eng. Inst. of Mining and Mech. Eng., Newcastle-on-Tyne, Eng. 
Polytechnic Society of Norway, Kristiana, Norway. 

Société des Ingenieurs Civils France, Paris, France 

Annales du Conservatoire des Arts et Metiers, Paris, France. 


JOURNALS, AMERICAN. 
. 
American Machinist, New York City, 


American Engineer, Chicago, Ill. 
American Journal of Railway Appliances, New York City. 
American Miller, Chicago, 


Boston Journal of Commerce, Boston, Mass. 
Chicago Journal of Commerce, Chicago, 11). 
Engineering News, New York City. 

Engineering and Mining Journal, New York City. 
Electric Power, 


Jlectrical Review, New York City. 
Fire and Water, New York City. 
Industrial World, Chicago, Il. 
Mechanics, Philade}phia, Pa. 
Manufacturers’ Guzette, Boston, Mass. 
National Car Builder, New York City. 
Power, New York City. 

R. R. and Engineering Journal, New York City, 
Railway News, New York City. 

R. R. Gazette, New York City, 

Stevens Indicator, Hoboken, N. J. 
Tie Locomotive, Hartford, Cona, 
The Locomotive Engineer, New York City. 


JOURNALS, FOREIGN, 


Architektu’ a’ Ingenyru’, Prague, Bohemia. 
Engineering, London, England. 

Engineer, The, London, England. 
Electric Review, Loudon, England. 


Giornal de] Genio Civile, Rome, Italy, 
Glaser’s Annalen, Berlin, Germany, 
indian Engineering, Caleutta, E. 1. 


Iron, London, England 
Industries, London and Manchester, England. 
L'Industria, Milan, Italy 

Practical Engineer, Manchester, England. 
Proceedings Royal Tech, Mech. Laboratory of Lustr. 
Stahl und Eisen, Diisseldorf. 


The Transactions of the Society may also be found in the fol- 
lowing institutions, to whose libraries they are regularly sent, 
either as donations or in return for certain publications issued 
by them : 


Stevens Inst. Tech., Hoboken, N. J. 
Fisk University, Tenn. 


Vanderbilt University, Nashville, Tenn. 


x 


Rovel Technical Institution of Research, ¢ ‘harlotte nburg, Germany. 
Jorkshire College, Leeds, England. 
Arkansas Industrial University, Fayetteville, Ark. ail 


Bureau of Naval Intelligence, U. 8S. N., Washington, D. C. sis : 
Ohio State University, Columbus, Ohio. 

American Institute, New York City. el 
Rensselaer Polytechnic Institute, Troy, N. Y. - 
Sibley College, Cornell University, Ithaca, N. a 
University Library, Corneil University, Ithaca, N. Y. > Ser: 
University of Mlinois, Champaign, 
U, 8. Naval Observatory, Washington, D. C. 

U.S. Patent Office, Scientific Library, Washington, D. C, 
U.S. Patent Office Library, London, England. 
Massuchusetts Inst. of Technology, Boston, Mass. (Society of Arts. _— 
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_ Conservatoire des Arts et Metiers, Paris, France, 

- Free Public Library, Worcester, Mass. 
Purdue University, Lafayetie, Ind. 
University College, London. 
University of Michigan, Ann Arbor, Mich 
Columbia College Library, New York City. 
Lehigh University, Bethlehem Pa. 
MeGill University, Montreal, Can, 
Iowa Agricultural College, Ames, lowa, 
Glasgow and West of Se tland Tech. College, Glasgow, Scotland. 
Smithsonian Institute, Washington, D.C. 
Verein Deutscher-Eisenhuttenlente, Dusseldorf, Germany. 
Mechanic’s Iustitute, San Francisco, Cal. 
Sheffield Scientific School, Yale College, New Haven, — 
Pratt Institute, Brooklyn, N. Y. 
University of Wisconsin, Madison, Wis. 
Free Public Library, Providence, R. 1. 
University of Minnesota, Minneapolis, Minn. 
University of Tennessee, Kucxville, Tenn. 
Washington University, St. Louis, Mo. 


The success of the practice inaugurated in 1889, of having the 
Society library open in the evenings, has been unmistakable, 
and has had a decided influence in indueing the trustees of the 
Library Association to continue the practice, which the Society 
of the Mechanical Engineers inaugurated. 

The library building and the offices of the Society are open 
until ten o’clock every evening, with the exceptions of Sundays, 
Thanksgiving, Christmas, and the Fourth of July. Whether the 
evening openings shall also be maintained during the months of 
July and August will remain a matter of experiment, which the 
use made of the library hereafter will be allowed to deter- 
mine. 

Respectfully submitted 
By the Library Committee. 


As appendix to the Library Report was presented the following 
transcript, altered before publication to state the condition of the 
finances of the Library Association at the date of its annual 
meeting at the end of November, 1890 : 


SuMMARY OF Report oF BoarD oF TRUSTEES OF THE MECHANICAL 
ENGINEERS’ Liprary ASSOCIATION. 


The Trustees of the Mechanical Engineers’ Library Association 
received the title from the Trustees of the New York Academy of 
Medicine to the house and lot, No. 12 West Thirty-first Street, at 
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noon on the 8th of May, 1890. The price for the building and 
lot, with library shelves and a certain amount of furniture, was 
tixed at $60,000, of which $33,000 was left by the former owners 
upon a first mortgage, and the balance, $27,000, was paid in cash, 
contributed for this purpose by the friends of the library move- 
ment. This money was raised by the sale of bonds, covered by 
a second mortgage, held in the interest of the bondholders by the 
“Title Guaranty and Trust Company,” of New York. 

In order to adapt the house for the uses to which the trustees 
designed it, there had to be considerable outlay made in the way 
of equipment and decoration, including the working over of the 
plumbing of the house, painting, papering, and kalsomining, from 
the fourth floor to the basement. The arrangements which the 
trustees had made to lease the fourth floor and basement to 
another organization fell through without great disappointment 
to the trustees, inasmuch as it left these desirable parts of the 
house free for other uses; and the only tenants of the library 
building are now the American Society of Mechanical Engineers, 
and the American Institute of Electrical 
individuals to whom furnished apartments 
occupying as bachelor quarters, 


Engineers, and certain 
are let, which they are 


A description of the house and its arrangements has been 
already published, and need not be repeated. 

The summary of the receipts and expenditures of the trustees 
from May to November, 1590, is appended below : = ; 


Rece ipts 
Loan on Ist Mortgaze New York Academy of Medicine. $33,000 00 
Loans by Bonds covered by Second Mortgage......... 31,800 00 


$67,821 83 


Erpenditures. 
House and Lot, No. 12 West 31st Street : 


Purchase Money Mortgage ...............--. $33,000 00 
Equipment Account : 
Repairs to old Work.................. 53°15 
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Contingencies, Searches, Meer, etc. 1,435 21 
Interest on Mortgage, July 215 60 
‘Lighting, Electricity, and Gas. 144 11 


Balance, November 28, 1890 22 74 


The Society Committee on “ Standard Flanges” reported prog- 
ress, as did the Committee on ‘* Uniform Methods of Test,” but 
had no formal report to make. 

The Committee on “Standards” reported by a telegraphic de- 
spatch from its chairman, James W. See, the usuil Congressional 
delays. 

The Tellers to count the ballot for the officers presented the 
following report, which was accepted and ordered on file : 

The Tellers of election to count the ballots for officers of the Society for the 
ensuing year present the following report: 


' November 11, 1890. 
Whole number of Ballots casi..... 465 
Respectfully submitted, 
J. H. WEBSTER, / 


Geo. H. Barrus, Chairman of Committee on “ Standard Methods 
of Conducting Duty Trials of Pumping Engines,” read a discus- 
sion of that report by R. H. Thurston, F. W. Dean, A. F. Hall, 
William Kent, John R. Freeman, A. M. Wellington, John E. 
Codman, and his own reply thereto, after which additional matter 
was presented by Messrs. Jacobus, Denton, F. M. Wheeler, W. 
M. Barr, and J. T. Hawkins. 

Upon the question of the acceptance of the report, it was 
explained that the Society’s policy in accepting such technical 
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reports and proposed standards was to direct their acceptance 
and incorporation in the Transactions as the committee’s mature 
opinion, but that the Society did not thereby make itself respon- 
sible, nor did it formally adopt the standards recommended. sa 
The report was, on motion, accepted and ordered on the record. 

Notice of amendment to Article 31 of the Rules, by D. K. 
Nicholson, was presented as follows : 


To THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS, RiCHMOND MEET- 
ING, November, 1890: 

Notice is hereby given, according to the rules, that a motion will be made at 
the aonual meeting in 1891 to amend Art. 31 of the Rules to read as follows : At 
the regular meeting preceding the annual meeting a nominating committee of 
five members, not officers of the Society, shall be appointed, and this committee E 
shall, at least thirty days before the annual meeting, send to the secretary the 
names of at least tivo nominees foreach and every office falling vacant under the 
rules, In addition to such regularly appointed committee, any five members 
or associates, etc,, as per printed rules. 

Very respectfullr, 
Davip Kink NICHOLSON, 

November 5, 1890. 


This called for no action of the Society at this time, but was 
merely read under the rules. 

The secretary read the report, in the abstract, of the committee 
appointed by a convention of representatives from the leading 
engineering societies, in reference to the establishment of an ‘ 
Engineering Headquarters, and of holding an international con- 
gress in Chicago during the Columbian Exposition in that city. 

The complete report is as follows : 


REPORT OF CONVENTION HELD IN CHICAGO, OCTOBER 14, 15, 1890, TO CONSIDER 
THE ESTABLISHMENT OF AN ENGINEERING HEADQUARTERS AND THE HOLD. | 
ING OF AN INTERNATIONAL ENGINEERING CONGRESS DURING THE WORLD'S 
COLUMBIAN EXPOSITION, 1892. 


The convention met at ten A.M. in the rooms of the Western Society of Engi- 
neers, 78 La Salle Street, Chicago, Tuesday, October 14, 1890. The societies 
represented and the delegates present were as follows : 


THE AMERICAN SOCIETY OF CIVIL ENGINEERS : 
Wm. P. Shinn (president), C. L. Strobel, A. E. Hunt. 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS : 
Wm. Forsyth, Jesse M. Smith. 
THe AMERICAN INSTITUTE OF MINING ENGINEERS : 
Wm. P. Shinn, A. E. Hunt. 
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Brought forward.... $65,451 25 
Contingencies, Searches, Mees, ete 1,435 21 
Interest on Mortgage, July 1 215 60 
Insurance, three years............ 48 00 
lighting, Blectricity, and 144 11 

159 00 
Janitor’s Salary a 221 00 
Laundry 9 56 


Balance, November 28, 1890............... 74 “~*~ 


$67,821 83 a 


The Society Committee on “ Standard Flanges”’ reported prog- 
ress, as did the Committee on ‘* Uniform Methods of Test,” but 
had no formal report to make. 

The Committee on “Standards” reported by a telegraphic de- 
spatch from its chairman, James W. See, the usuil Congressional 
delays. 

The Tellers to count the ballot for the officers presented the 
following report, which was accepted and ordered on file : 


The Tellers of election to count the ballots for officers of the Society for the 
ensuing year present the following report: 


November 11, 1890. 


Whole number of Ballots casi.......... 
President . W. Hunt 
F, Pankhurst 
. Gordon 
H. Wiley 
. Fletcher 
R. Warner 


Respectfully 
J. H. WEBSTER, 
Geo. H. Barrus, Chairman of Committee on “ Standard Methods 
of Conducting Duty Trials of Pumping Engines,” read a discus- 
sion of that report by R. H. Thurston, F. W. Dean, A. F. Hall, 
William Kent, John R. Freeman, A. M. Wellington, John E. 
Codman, and his own reply thereto, after which additional matter 
was presented by Messrs. Jacobus, Denton, F. M. Wheeler, W. 
M. Barr, and J. T. Hawkins. 
Upon the question of the acceptance of the report, it was 
explained that the Society’s policy in accepting such technical 
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reports and proposed standards was to direct their acceptance 
and incorporation in the Transactions as the committee’s mature 
opinion, but that the Society did not thereby make itself respon- 


sible, nor did it formally adopt the standards recommended. 
The report was, on motion, accepted and ordered on the record. 

Notice of amendment to Article 31 of the Rules, by D. K. 
Nicholson, was presented as follows : 


TO THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS, RICHMOND MEET- 
ING, November, 1890: 


Notice is hereby given, according to the rules, that a motion will be made at 
the annual meeting in 1891 to amend Art. 31 of the Rules to read as follows: At 
the regular meeting preceding the annual meeting a nominating committee of 
five members, not officers of the Society, shall be appointed, and this committee 
shall, at least thirty days before the annual meeting, send to the secretary the 
names of at least tivo nominees for each and every office falling vacant under the 
rules. In addition to such regularly appointed committee, any five members 
or associates, etc,, as per printed rules. 

Very respectfullr, 
Davip Kink NICHOLSON, 
November 5, 1890, 
rhis called for no action of the Society at this time, but was 
~ 
merely read under the rules. 

The sec.etary read the report, in the abstract, of the committee 
appointed by a convention of representatives from the leading 
engineering societies, in reference to the establishment of an 
Engineering Headquarters, and of holding an international con- 
gress in Chicago during the Columbian Exposition in that city. 
The complete report is as follows : 


REPORT OF CONVENTION HELD IN CHICAGO, OCTOBER 14, 15, 1890, TO CONSIDER 
THE ESTABLISHMENT OF AN ENGINEERING HEADQUARTERS AND THE HOLD- 
ING OF AN INTERNATIONAL ENGINEERING CONGRESS DURING THE WORLD'S 
COLUMBIAN Exposition, 1892. 


The convention met at ten A.M. in the rooms of the Western Society of Enyi- 
neers, 78 La Salle Street, Chicago, Tuesday, October 14, 1890. The societies 
represented and the delegates present were as follows : 

THe AMERICAN SOCIETY OF CIVIL ENGINEERS : 
Wm. P. Shinn (president), C. L. Strobel, A. E. Hunt. 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS : 
Wm. Forsyth, Jesse M. Smith. 
THE AMERICAN INSTITUTE OF MINING ENGINEERS: 
Wm. P. Shinn, A. E. Hunt. 
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CANADIAN SOCIETY OF CivIL ENGINEERS : 
J. D. Barnett, O. Chanute. 7 

THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS: 

E. M. Izard. 
THE ENGINEERS’ CLUB OF PHILADELPHIA : 

H. W. Spangler, Wilfred 'T. Lewis, E. V. d'Invilliers. 
THE CIVIL ENGINEERS’ CLUB OF ST. Louis: 
J. B. Johnson, E. D. Meier, Robt. E. MceMath. 
CiviL ENGINEERS’ CLUB OF St. 
L. W. Rundlett, W. W. Curtis, S. D. Mason (president). 
WISCONSIN ELECTRIC CLUB: 
Warren 8. Johnson. 

ENGINEERING ASSOCIATION OF THE SOUTHWEST : 

E. L. Corthell. 
CIVIL ENGINEERS’ CLUB OF CLEVELAND: 

Wm. T. Blunt, Jolin Eisenmann. 
ENGINEERS’ CLUB OF MINNEAPOLIS: 
Wm. A. Pike, F. W. Cappelen. 

THE Socrery oF CrviL ENGINEERS, Pants, FRANCE: 

E, L. Corthe!l. 


THE ENGINEERS’ SocrErTy OF WESTERN PENNSYLVANIA: 
A. E. Hunt. 
THE WESTERN SOCIETY OF ENGINEERS: 


O. Chanute, D,. J. Whittemore, KE. L. Corthell, C. L. Strobel. 


Mr. E. L. Cortheli explained the object of the meeting, and the following 
letters were read by the secretary : 


23° OFFICE OF THE DIRECTOR-GENERAL, WORLD'S COLUMBIAN 
‘ie EXpPosiIrion, PULLMAN BUILDING, 
~ CuicaGo, U. A., October 9, 1890. 


Mr. J. W. Weston, SECRETARY WESTERN SOCIETY OF ENGINEERS, 78 La 
Salle Street, Chicago. 


DeAR Sik: Having been informed by Mr. E, L, Corthell that it is proposed to 
hold an International Engineering Congress in Chicago in 1893, and that it is 
desirable that this congress be held under the auspices of the Worl@’s Columbian 
Exposition, I wish to say that the holding of this congress meets with my hearty 
approval, and that I will further its interest so far as I may be able to do so, 

Yours very truly, 
@* [Signed GEO. R. Davis, 
i—_ Director-General. 
SECRETARY’S OFFICE OF THE WORLD'S COLUMBIAN EXPOSITION, 
CHIcaGo, October 11, 1890. 
Joun W. Weston, Esq., SECRETARY WESTERN SOCIETY OF ENGINEERS, 78 
La Salle Street, Chicago. 


— My Dear Str: I am informed by Mr. E. L. Corthell, chairman of a commit- 
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tee of your society, on a proposed International Engineering Congress, to be held 
in this city in 1893, and am now more fully informed by you of the object of this 
congress. You desire to know if the Directory of the World's Columbian Expo- 
sition approves of this congress being held, and of its being held under the 
auspices of the Exposition, your society making arrangements for the assembling 
of the congress, and providing for such expense as may be incurred, the Expo- 
sition, however, to furnish such suitable building or hall as it may have, or con- 
trol, for the use of the congress. 
The matter was laid before the Directory last evening at its regular meeting, 
and your wishes in the premises explained. 
Iam requested to inform you that the Directory heartily approves of your pur- 
pose, and will do what it can properly to make the congress a thorough success. 
I will be glad to confer with you at any time in that behalf. 
With great respect, I have the honor to be, =* 
[Signed] Bens. BUTTERWORTH, 
Secretary. 


Society oF ENGINEERS, PAris, FRANCE. 
Paris, September 22, 1890 
MR. PRESIDENT: In reply to yours announcing the convention to be called 
by the Western Society of Engineers, Chicago, October 14 next, to consider an 
International Engineering Congress to be held in 1893, at the celebration of the 


400th anniversary of the discovery of America, I regret to say your invitation to 
us arrived too late to advise our colleagues in France in time to enable any of 
them to report in your city on the date named. 

In fact, our society has been on vacation since August, and will not meet again 
until October. 

But we thoroughly believe that our society should be represented at your con- 
vention, and we have written to our corresponding member in Chicago, Mr. FE, 
L. Corthell, to accept the office of delegate from the Society of Civil Engineers 
of France, on that occasion. We shall then be very certain of our representation. 

With most sincere wishes for the full success of your important enterprise, 
and with fraternal good will, 


Yours truly, 
V. CONTAMIN, 
To L. EF. Coo.ry, 


President Western Society of Engineers, Chicago, U. S. A. 


After organization and discussion, a committee was appointed to formulate a 
plan and to report to the convention, which adjourned to meet again next 
morning. 

October 15. The following report was submitted : 


CuicaGo, ILu., October 15, 1890. 


TO THE CHAIRMAN OF THE CONVENTION OF DELEGATES FROM ENGINEERING 
; SOCIETIES OF THE UNITED STATES AND CANADA. 


DEAR StR: Your committee on plan for establishing and maintaining a joint 
Engineering Headquarters in Chicago in 1893, during the World’s Columbian 
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Exposition, and for holding an International Engineering Congress at some time 
_ during the Exposition, beg leave to report : 
It finds itself unable to present at this time more than a brief outline plan. 


The proposition advanced by the committee of the Western Society of Engin- 
—eers to this convention yesterday embodies our views, with some changes which 
we have made in the plan herewith submitted ; 


First : Engineering Headquarters. 
In view of the existence in this country of several large engineering societies of 


high rank which will desire the use of headquarters for their own members, and 
for the entertainment of foreign visitors, and the inconvenience and expense which 


desirable that all the engineering societies of recognized standing in the United 
States and Canada be requested to unite in establishing and inaintaining a joint 
Engineering Headquarters during the continuance of the Exposition. 


& result from the maintenance of separate establishments, we think it very 


The Exposition management will probably furnish space free of charge within 
the Exposition buildings, but it may be deemed advisable to provide additional 
quarters outside ; the headquarters to be a rendezvous for all the members of 
the engineering societies in this country, and their use to be freely tendered to 
all foreign engineers. 

It is expected that the staff shall consist of a joint secretary and two or more 
assistants, some of whom shall speak the principal European languages. The 
staff to be charged more especially with : 

(a) To give information concerning the location of various engineering exhibits 
within the Exposition. 

(b) To give visiting and foreign engineers information about points of engineer- 
ing interest outside of the Exposition, and to aid their investigations in other 
ways. 


(c) To give visiting and foreign engineers introduction to those whom they 
may desire to meet, and to promote social intercourse. 

(d) To keep a record of the addresses of visitors, and to invite them to the 
International Engineering Congress hereinafter outlined. 

It is estimated that the expense will amount to about $10,000. This, it is sug- 
gested, may be met by an assessment of one dollar per member on each engineer- 
ing society of this country which shall join this proposed association, and also 
by voluntary contributions. The details to be hereafter adjusted. 

It is evident that this plan will be far more economical than that of maintain- 
ing separate headquarters by the several societies. 


Second: Engineering Congress. 


At some time, to be hereafter designated, during the Columbian Exposition, it is 
_ proposed to hold within the Exposition, in a building which the management 
thereof proposes to furnish, an International Engineering Congress open to 
engineers of all nations. This congress to last six days and to be conducted in 
the English language. 

The opening session of welcome and organization to be a joint session, and if 
warranted by the attendance and the number of papers offered, the congress 
then to be divided into sections to consider and discuss the various branches of 
Civil, Mechanical, Mining, Metallurgical, Electrical, Military, and Naval Engin- 
eering. 
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A chairman and secretary for each section to be designated in advance, and 
the sessions to be so timed that papers and discussions on allied subjects shail not 
occur simultaneously so as to preclude those interested from attending several 
sections, 

The congress to terminate with another joint session, 

All papers, so far as practicable, to be furnished in advance, to be carefully 
examined by the proper committees under rules to be hereafter laid down, and, if 
found acceptable, to be printed for distribution in advance to the members of the 
congress, at which they are to be chiefly read by title so as to admit of immediate 
discussion, 

Intending contributors to be requested to confine their papers, so far as possi- 
ble, to such new and recent constructions, machines, processes, methods, experi- 
ments, and investigations, including proposed standards of tests and measurement, 
as are of engineering importance, Papers on purely speculative subjects should 
not be received. 

A small fee (say $2.00) to be paid by members attending the congress, to defray 
its expenses. The papers and discussions to be subsequently printed and 
furnished to such members as may so request at a stipulated price. 

A Permanent Committee to be chosen in advance, to organize the above pro- 

posed and congress. 

Respectfully submitted, 


E. L. CorTHELL, 


Jesse M. Situ, 


Dp. J. Wairremore, 


C. L. STROBEL, 
bee 
W. CURTIS, 
J. B. JOHNSON. 


The report was unanimously adopted in the following resolution : 


Resolved, That the report of the committee on an International Congress and 
joint Headquarters be accepted, and that we report the same to our respective 
societies, with the recommendation that action in approval or in disapproval] of the 
same be taken within the next two months, and that we desire the present com- 
mittee to be continued with power to carry on the correspondence and organiza- 
tion until its successor is appointed, 


In furtherance of the plan adopted the following resolution was passed by the 
convention : 


Resolved, That it is the sense of this convention that the general permanent 
committee on International Congress and Engineering Headquarters be composed 
of one member from each of the societies which shall join in the,plan, except 
that the American Society of Civil Engineers, the American Society of Mechanical 
Engineers, the American Institute of Mining Engineers, the American Institute 
of Electrical Engineers, and the Canadian Society of Civil Engineers may each 


appoint two members, and the Western Society of Engineers may appoint three 
members of such committee. 


The following resolutions were also passed : 


Resolved, That the secretary be instructed to prepare minutes of the proceed- 
ings of this convention aud the resolutions adopted, and that he, as soon as possi- 
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ble, have the same printed and sent to each delegate, and the secretary of each 
of the societies represented. 

That the Executive Committee of the convention be empowered to cal! the first 
meeting of the delegates provided for in the resolution adopted, at such time as 


they may see proper after January 1, 1891. 

JoHN W. WeEsTON, 
Secretary. 


Jesse M. Smith, the representative of the Society in the Conven- 
tion, spoke in explanation of its action as follows : 

Mr. Jesse M. Smith. —As a member of the committee which 
was sent to the conference in Chicago, I wish to make a state- 
ment. It was understood from the beginning that nothing 
that was done at the conference should in any wise be bind- 
ing on any of the societies there represented ; that the meet- 
ing was simply one for conference, and was held for the purpose 
of talking over what might possibly be done with a view to a 
closer relation of the various engineering societies during the 
World's Fair ; and to discuss the possibility of an Engineering Con- 
gress being held during the Exhibition and in the Exhibition build- 
ing. Tke questions were very fully discussed, as already stated 
in the report, and the recommendations which have been printed, 
and read to you by Professor Hutton, were very fully indorsed. 
It was proposed that a permanent committee, the delegates to 
which would be appointed by the different societies, would take 
the place of the committee chosen by the conference which met 
at Chicago, and that the delegates which were sent by the different 
societies should be sent with power fully to represent their respec- 
tive society and to do whatever seemed best for the interests 
of their society. I have received from Mr. Chanute, who was 
president of the convention, a statement of the number of socie- 
ties which would probably be asked to join in the movement. 
There are the four national American societies, the Society of 
Civil Engineers of Canada, and sixteen other local societies—that 
is, having their headquarters in the different prominent cities of 
the country, New York, Philadelphia, Boston, Chicago, ete. Of 
these sixteen, the Western Society of Engineers, which sent out the 
invitation for the conference, is counted as one. It was the senti- 
ment of the conference which was held in Chicago, that, as the 
Chicago Society is to bear the brunt of the hard work to be done. 
it seemed no more than fair that it should have a larger represen- 
tation than the other local societies. 


) 
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The Pvesident.—W hat is the membership of the Western Society, 
Mr. Smith ? 

Mr. Smith.—The Western Society of Engineers is put down on 


the list sent me by Mr. Chanute as having 318 members ; the Am- 
erican Society of Civil Engineers as having 1,013 ; our own society 
as having 840, which is evidently a mistake, for it already num- 
bered at that time over 1,000, and at the present time it numbers 
over 1,200 members. The American Institute of Mining Engineers 
is put down on the list as having 1,636; the Canadian Society, 265. 
The local elubs vary in membership from 482, in the Philadel- 
phia elub, to as low as 32, in the Civil Engineers of St. Paul. The 
representation as set forth in this report would stand as follows : 


The five national societies, two members each—ten members ; the 
fifteen clubs, fifteen members; and the Western Society, three 
members ; making a total of 28 members on the permanent com- 
mittee. Of course, the permanent committee would divide itself 
into working committees as it thought proper. 

On motion, the report was approved by the Society, and under 
its acceptance the Council will appoint its permanent committee 
to represent the organization. 

Henry L. Binsse presented the following letter in reference to 
the issue by the Society of a technical handbook. The proposi- 
tion received little discussion, and was finally laid on the table. 


NEWARK, N. J., November 6, 1890. 
F. R. Hurron, Esa., SECRETARY AMERICAN Soctety or MECHANICAL EN- 
GINEERS, New York Curry, 


DrAR Sik: A year or so ago my attention was called to a German engineers’ 
manual by the remark of a Swedish engineer that it excelled every other book 
. on the subject. An examination of the work disclosed that it differed very 
" widely in its plan from all of our well-known and excellent hand-books. 

It is published by the German engineers’ society called Hiitte, being edited 


; by a committee chosen from the seciety, and the discussion of each topic has 
f been intrusted to one or more experts in each field of engineering. Twenty-nine 
t hames are mentioned in the present edition of those who have added new sub- 
yf ject-matter to the work, from which may be estimated the large number of men 
yf who have taken part in the work. It stands to reason that the work of so many 


minds, eaeh one excelling in its special study, should be more complete, more 


Le correct, and far more useful than a hand-book written by a single author, no 
ti- matter how talented and capable he may be. I have thoaght that the book 
he might be made available 10 American engineers by a translation; but a short 

: inspection showed that it would have to be retdited and many chapters rewritten 
ae in order to make the book a useful one forthiscountry. The value of a book of this 
n- kind needs neither argument nor proof. The book has run through fourteen 


editions in Germany, and it seems probable to me that a work on a similar plan 
8 
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should meet with an equal success here. I suggest, therefore, that the American 
Society of Mechanical Engineers might undertake for the United States what the 
Germans have done for their country, and compile a similar manual, restricting 
the field, however, to Mechanical Engineering only. It is thought that such a 
work would not only be a great aid to the advaicement of the profession, but 
that it would add also to the good name of the Society. 

It is clear that our own hand-books have outlived a portion of their useful- 
ness, for lam assured that a well-known engineer, a member of this and other 
societies, has been engaged by a publishing firm to compile a new hend-book, 
and he is busy with that work at present. 

The first and perhaps the strongest objection to the plan is the practical one 
that our engineers are very busy men, and that it would require from them a sacri 
fice of time. Have, then, the German engineers a greater love for their profession 
than we have? Is their professional feeling stronger and are they more willing 
to sacrifice a part of their time than their American professional brethren? It 
must be borne in mind also that while the book would represent a great deal of 
labor when taken altogether, the amount of work of each contributor would not 
be very large. 

It seems to me that the heaviest burden would be borne by the Committee. 

I do not wish to wander beyond the limit which I set for myself, which was 
merely to present the suggestion for the consideration of our members, So 1 
conclude with the earnest wish that this suggestion may bear a useful fruit for 
the Society. 

Very respectfully yours, 
Henry BINnsse. 


I append certain details and the table of contents, 

The German hand-book is divided into two parts; the first consisting of eight 
chapters, 771 pages, devoted to mathematics, mechanics, heat, strength of mate- 
rials, strains in girders and similar structures, machine construction, and motors. 

The second part, 573 pages, treats of surveying, railways, architecture, thip- 
building, iron metallurgy, mill-work, and electricity, to which several tables are 
added, It will be seen that this field is very large, and that the second part has 
nothing to do with mechanical engineering, if we except a few chapters like those 
upon the locomotive and wire-rope transmission. Therefore, the proposed work 
would be only one-half of the size of the German hand-book. The American 
manual ought to have a great advantage over the German one by this concentra- 
tion. 

In conclusion, I offer the following table of contents of Part 1. from the Ger 
man hand-book, so that you may form an idea of the scope of the book and its 
possibilities for usefulness. 


First Division, MATHEMATICS, 115 PAGEs, 
Tables. 
Arithmetic 
Trigonometry. 
Calculus. 
Analytics. 
Kinematics. 
Mensuration. 
Axonometic Projections, 


Vil. 
VIIL. 
aL 


FourtTH Division, THEORY OF STRAINS, 74 PAGEs. 
. General laws and constants, 


. Tension and compression, 
. Shearing. 


. Torsion, 


. Compound strains. 
. Strength of vessel walls, and flat bodies, 


”, Safe loads for bridges and roofs. 


. Conuections, keys, screws, and rivets. 
. Machine parts of rotations, tooth and friction gearing, belt and rope 


. Machine tools iron-working tools, wood-working tools Va 


. Hoists : winches, and power hoists. 
. Lifting machinery for fluids : water engines, pumps, and lifting pumps 
. Ventilating machinery ; fans and blowers. 
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SECOND Diviston, MECHANICS, 101 PAGEs. 


Statics. 
Dynamics. i 
Hydrostatics. 
Hydrodynamics. = 
Aerostatics. 


Aerodynamics. 


Turrp Drvision, Heat, 24 PAGES. 


General formula and tables, ; 
Mechanical theory of heat. od 


Bending. 


Springs. 


Firtua Divistox, STATICS OF CONSTRUCTION, 71 PAGES. 


. Calculation for bridge and roof constructions. vas 
Earth pressure. 
Arches. 
. Choice of safe coefficients. 


SixtH Division, PARTS OF MACHINERY, 132 Paces. 


driving, pivots, journals, and rollers, couplings and bearings. 
Ropes, belts, chains, together with drums and rolls, 
Brakes 
Machine parts for receiving and conducting fluids ; pump and press eyline 
ders, pipes, and valves, 
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Pistons, piston-rods, and stufling- boxes. 
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SEVENTH Division, Toous, 74 PacEs. 


Crank motion, 


Regulating machinery, fly-wheels, centrifugal governors. 


Lifting machinery ; pulley blocks, windlasses, cranes, power cranes, 
Hydraulic lifting machinery ;: hand power, machine power, hydraulic 
cranes, direct working plunger lifts. 
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Division, PoweER MACHINERY, 148 PAGEs. 
. Animal motors. faa 


II. Water Motors : vertical water wheels, turbines, and turbine construction, 

IIF. Steam engines : calculations, valve motions, and particulars concerning, 

IV. Boilers : general data, principal systems and particulars concerning. 

Laws: principles and directions for boiler and steam-engiue trials, 

The size and type of the German manual is about the same as that of Traut 
wine, 

A paper by W. H. Adams, member elected at this meeting, was 
taken up by special vote of the Society, in advance of other papers, 
in view of the interest of the paper in connection with the exeur- 
7 sion of that afternoon. This paper was entitled “An Engineer- 
ing Problem at Richmond, Va.,” but elicited no discussion. 

Two other papers were read before sdjournment, by Frank Van 
Vieck, of San Diego, Cal., entitled “ Light Cable Road Construe- 
tion,” and by Professor Thurston, entitled “ Authorities on Steam 
Jackets.” The discussion of this latter paper was adjourned 
until the evening session, the afternoon being devoted to an ex- 
cursion upon the James River. — 


Tiirp Sesstox, WEDNESDAY, NOVEMBER 12, 8 P.M. 


Professor Thurston’s paper on “Steam Jackets ” was discussed 
by Professor Denton and Mr. Scott A. Smith. 

Professor Thurston’s paper on “Chimney Draught” was dis- 
cussed by Professor Denton. 

Mr. T. R. Almond read a paper entitled “A Novel Form of 

Flexible Tubing,” and Professor Carpenter's paper on “ Heat 
Transmission through Cast-iron Plates” was discussed by Pro- 
fessor Denton and Mr. W. M. MeFarland. 

Three papers by Professor Wood, “Some Properties of Am- 
~monia,” “ Theoretical Investigation of the Efficiency of Vapor 
Engines,” and Mechanical and Physical Properties of Sulphu 
2 Dioxide,” and one by Professor Jacobus, “ Experimental Deter- 

mination of the Latent Heat of Ammonia,” were presented, but 
elicited no discussion. 

James McBride read a paper on “ Automatic Regulation of 
— Injection Water,” which was discussed by Messrs. Wheeler, Web- 
_ ster, Grimm, and Engel. 

At the close of these papers, the “ Topical Question” was 
taken up: “Is there any reason why corrosion should be more 
active in one place rather than another inside of a steam-drum 

_ properly piped to connect several boilers in a battery?” 
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This was discussed with blackboard illustrations by Messrs. 
McBride, Stirling, Babbitt, Nason, Grimm, Engel, Barr, Hawkins, 
E. F. C. Davis, F. M. Wheeler, Scott A, Smith, G. R. Henderson, 
and J. W. McElroy. 


2 FourTH Session, THurspay, NOVEMBER 13. 


The fourth and concluding session for papers was called to 
order at 0.30 A.M., in the Assembly Hall of Exchange Hotel. 

A paper on “ Hydraulic Hoisting Plant for Brooklyn Sugar 
Refinery” was read by L. G. Engel, and that on ‘“ Hydraulic 
Travelling Cranes” received discussion by Messrs. Engel, D. G. 
Moore, and Huston. 

A paper on “ Rope Driving,” by C. W. Hunt, was discussed by 
Messrs. Samuel Webber, T. 8. Miller, Scott A. Smith, Grimm, 
and Denton. 

John H. Cooper’s paper on “ Accident-Preventing Devices for 
Machinery ” was discussed by J. L. Gobeille and Oberlin Smith. 

Atbrose Swasy’s paper on “ New Process of Generating and 
Cutting Teeth of Spur Wheels” was illustrated by samples, and 
was discussed by Messrs. Kimball, Oberlin Smith, Hawkins, Den- 
ton, MeFarland, and Tompkins. 

A paper by G. W. Bissell, entitled “ Interesting Experiments 
with Lubricants,” was discussed by Messrs. Thurston and Denton. 

Professor Denton presented two papers: “ Performance of 
Seventy-five-ton Refrigerating Machine,” and “ Special Experi- 
ments with Lubricants,” and that by W. A. Bole, on “ Single- 
Acting Compound Engines,” received no discussion. 

At the close of these papers, the following resolutions were pre- 
sented and carried unanimously with acclamation, whereupon the 
president announced the meeting adjourned : 


* Resolved, That the thanks of the Society be tendered to his Honor J. Taylor Elly- 
oul son, mayor of the city of Richmond, for the noble and full-hearted welcome to 
yut the hospitality tendered by him in behalf of the citizens and for the freedom of 
the city so generously given. Our closer acquaintance with our friends of the 
. of South has not failed to impress us with the fact that they have entered upon an 
es era of manufacturing prosperity which they richly deserve, and which they are 
well qualified to carry forward for the betterment of their own city and State, 
and the country at large, and which prosperity must be due largely to the knowl 
was edge, skill, and industry of the American engineers. 
yore Resolved, That the thanks of the Society, and especially of the visiting ladies, 
rum are hereby tendered his Excellency Governor Philip McKinney, and his wife, 


not only for the opportunity of making a most pleasing acquaintauce with them- 
selves, as well as other prominent citizens, but for the opportunity of inspecting 
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-a mansion so full of historic memories, clustering around the home of a long line 
of governors of a State that may proudly call herself the Mother of Presidents 

Resolved, That the American Society of Mechanical Engineers desires to convey 
the thanks of its members and their ladies to Col, C. 'T. E. Burgwyn and to Mr. 
Lewis D. Cutshaw for a delightful excursion on the historic James River, snd 
- for the opportunity of examining the admirable river improvements under their 
charge. May the completion of this great work make real the dream of the 
beautiful city of Richmond of becoming a seaport of the first order. May the 
sight of Fort Darling and the monitors resting peacefully side by side remind us 
forcibly that whereas we were for a time divided we are now united more closely 
than ever before, in one strong patriotic and prosperous nation. 

Resolved, That conspicuous among the numerous attentions showered upon us 
durivg our visit to Richmond are those by Messrs. P. H. Mayo and brother, and 
Allen & Ginter, who pot only kindly opened to us their vast establishments, in 
which we were entertained by the melodies so peculiar to the sunny South, but 
who took especial pains that we should bring away with us mementos which 
shall hereafter serve as pleasant reminders of an interesting and novel experience 
in the line of manufacturing nowhere else revealed. 

Resolved, That while our visit to this city has been replete with new and inter 
esting sights, we cannot but express ourselves as under special obligation to the 
Tredegar Iron Company and the Richmond Locomotive Works. 

It is in such establishments and amid such industries that the mechanieal engi 
neer feels himself quite at home. Our visit tothe works of both companies has an 
added pleasure for the reason that both have a history reaching over many vears, 
and both have contributed during that time much to the importance and value of 
the iron industries of the South. 

The lady guests of the Society are under many obligations to Mr. F. W. Burke 
and Messrs. A. Hoen & Company for the beautiful and tasteful souvenirs so 
pleasing to the eye and tickling to the palate, which the gentlemen members were 
permitted to admire as works of art and fine examples of the many and growing 
industries of thy city of Richmond. 

Resolved, That to the Chesapeake & Ohio, Atlantic & Danville, Norfolk & 
Western, and Richmond, Fredericksburg & Potomac Railways the American 
Society of Mechanical Engineers desires to render its hearty thanks for the 


courtesy shown to its members, and for the generous tender of a special train 


‘ and free transportation to the many places of interest in the vicinity of Richmond. 
5 Resolved, That our Society were greatly pleased for the courteous attention of 
’ Mr. Dellie Sutherland in directing their conveyance about the city of Rich- 
; mond and desire to render him many thanks. 
Re: olved, That to Mr. Scott A. Carrington, proprietor of the Exchange and tiie 
- Ballard hotels, the members of the American Society of Mechanical Engineers 
; express themselves as much pleased with the courtesies extended to them during 
_, the meeting in Richmond, and especially for the use of the hall in which the 
meetings are held. 


Resolved, That the American Society is thankful to the Virginia Electric Ligit 
& Power Company for the opportunity given its members of visiting the electric 
, and for the return of their watches properly demagnetized. 

Resolved, That the society is especially indebted to Mr. T. W. Morgan Draper, 

our fellow-member here, for the elaborate entertainment proposed for us a! 

Norfolk and vicinity, which cannot fail to be most enjoyable and a notable fea 
ture of our Richmond ineeting. 
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Resolved, That the Press of Richmond has placed the American Society of 
Mechanical Engineers under many obligations for its kindly words of welcome 
to the city of Richmond, and for its highly intelligent reports of the proceed- 
ings of the meetings of the Society. 

Resolved, That the American Society of Mechanical Engineers kindly thank the 
street railway companies of Richmond for the free use of their cars by their 


members, which has greatly assisted them in seeing the mauy beauties and 


places of historic interest of this hospitable city. 

Resolved, That the assembled engineers, while unable to thank individually the 
various firms who have opened their doors to us and invited our attention to 
their several places of industry, especially desire to thank the Richmond & 
Danville Railway Company for having done so, and we ask that our inability to 
name the long line of other persons to whom we are indebted will not be by 
them understood as indicating on our part a want of appreciation of their cour- 
tesies, but rather an indication of our dearth of words to properly express our 
thanks to them. 

Resolved, That the thanks of the Society be tendered to Newport News Dry 
Dock & Ship Building Company for the interest they have taken to make this 
first visit of the Society to the South one of pleasure and enjoyment, and the 
fact that we cannot enumerate the various methods they have adopted to bring 
this about is the only reason we do not mention them more in detail. 

Resolved, That knowing how important and essential to the success of the 
local committees who have had in charge the entertainment of the American 
Society of Mechanical Engineers in the various cities we have visited is the 
cooperation of the citizens thereof, it gives pleasure to ask that our warmest 
thanks may be accepted by the Citizens’ Committee of the Chamber of Com- 
merce, who by their hearty codperation have honored themselves and the body 
they so well represent by their efforts to make our visit to the city of Richmond 
one of pleasure, and our going away one of regret. 

Resolved, That the thanks of this Society are due to the local committee of 
arrangements—Messrs. Davis, Raynal, Archer, Brooks, Burgwyn, Delaney, Miller, 
(Gireenwood, Sherrill, and Simpkin, for their taste and appropriateness in pro- 
viding this beautiful assemblage hall, and particularly for their untiring energy 
in arranging and providing fpr the comfort and pleasure of the members in 
attendance. 


ficsolved, That we recognize in all the efforts made by the committee for our 


entertainment, a certain potential emanating from the ladies of Richmond. 
Resolved, That we shall leave this city bearing with us a most happy remem- 
brance of the hospitality extended us everywhere, 


Excursi.N Days. 


On the afternoon of Wednesday, an excursion barge, convoyed 
by two tugs, conveyed the party down the James River to visit 
the historic “ Drewry’s Bluff.’ A luncheon was served on the 
upper deck of the barge, and a stop was made at the United 
States monitors anchored in the James River. Not a little interest 
was elicited when it became known that several of the members 
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of the party were connected with these monitors, either in their 


construction, or in engagements during their history. 


THURSDAY. mug 


Carriages conveyed the members and their ladies, at the close 
of the fourth session, to the historic Tredegar Iron Works, where 
they were received by the veteran General Anderson, and con 
ducted to a luncheon served in one of the rooms of the works. 
In the luncheon apartment was pointed out a drill-press which 
had been used for the purpose of drilling cartridge shells for the 
use of the Confederate army. At the close of the luncheon, a 
touching address was made by General Anderson, to which the 
president responded, and one or two others who were informally 
called upon. 

After visiting the Tredegar Iron Works in its various depart: 
ments, the party was conveyed to the Richmond L. & M. Works, 
where the machinery for the United States battle-ship “ Texas’ 
was in process of construction. 

At the close of this visit the drivers were instructed to convey 
those filling the carriages to points of interest in Richmond, in- 
cluding Hollywood Cemetery, the Lee Statue, the old St. John’s 
Church, the Jefferson Davis and Lee mansions, and the residence 


portion of the city. The ladies had also been previously taken to 


certain of the cigarette factories, and had been honored by special 
souvenir gifts from the committee who escorted them 

On the evening of Thursday a social reception was tendered to 
the members and their ladies by the residents of Richmond, in the 
Richmond theatre. The seats had been floored over, and the 
building specially draped, and dancing and a handsome supper 
completed the evening. 

On Friday, a special train on the C. and O. RR. conveyed the 
party to Newport News, where they were to accept the hospital- 
ities of the Newport News Dry Dock & Suip Building Com- 
pany. 

A stop was made by the way at old Providence Forge, wlicve 
matters of historic interest were exhibited, and where the visitors 
saw the curious cypress growth which manifests itself in the 
waters of the Dismal Swamp. 

After the inspection at Newport News of the new shops and 
the dry-dock of the company, the party were conveyed to the War- 
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wick Hotel, where the ladies had already been enjoying a part of 
their luncheon, and a most enjoyable collation was spread for 
them. 

A speech of recognition was made by the president, and the 
response was by Horace See, consulting engineer for the company. 


Leaving the hotel, the party were guided to the steamer wharf, 
where boats of the Atlantic & Danville Co., under the general 
charge of Mr. T. W. M. Draper, conveyed the party across the his- 
toric waters of the bay to Norfolk and Portsmouth. After a stop 
at the Portsmouth navy yard, the boats brought the tourists 
across the Elizabeth River to Norfolk, where a part of them took 
a special train on the N. & W. Ry., back to Richmond, to make 
connection by north-bound evening trains, aud the rest, after vis- 
iting a cotton compress, were carried across to the Hygeia Hotel 
at Old Point Comfort, from whence they returned at their own 
convenience. 

The railroad company furnished special trains on Friday even- 
ing, northward, from Richmond to Washington, for the party who 
came from Norfolk desiring to make north-bound connections. 
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x THE ENGINEER AS A SCHOLAR AND A GENTLEMAN, 

BY OBERLIN SMITH, BRIDGETON, N. J. 

Far back among the ages, in times beyond the ken of His- 
tory’s written page, the young world invented the Engineer, 
as the creator of its coming civilization. He it was who estab- 
lished synthetic methods, and sewed together fig-leaves into a 
mantle which was a prototype of our textile fabrics, and, 

analogous metal patchwork, our steam-boilers and ship-lulls of a 
later age—one large piece made from many small ones. He 
~ was who, with sticks and puddled clay, established the first order 


of architecture—Adamesque, if we may so eall it. He it was 
who, before he happened to think of a Pullman ear on a steel 
rail, built the roads and rude wagons which made the dawn 


of commercial and social life possible. He built the bridges 
which brought tribes and nations into communion, and helped 
them to reduce their uncomfortable excess of population |} 
making machines with which they could kill each other. 
Throughout the earth, in all ages, the Engineer has wrested 
from nature her well-kept secrets, and has made his non-engineer- 
ing friends comfortable by showing them how to deal with th 
material world around them. But for him, as we now know him, 


practising his art in its present stage of development, we should 
be set back a century, without railways, or telegraphs, or steam- 
power manufactories. There would be no electric-lights, nor 
telephones, nor electric-bells ; no sewing-machines, nor gas-fix- 
tures, nor modern plumbing. Our farmers would work with the 
sickle and the flail ; our sailors, as of old, would keep us tossing 
months, instead of days, upon the sea. Following time logically 
backward, and robbing each age of its ministering angel, with his 


* Presente d at the Richmond meeting of the American Soci iety of Mechanical 
_ Engineers (1890), and forming part of Volume XII, of the Transactions. 
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acquired knowledge reénforeing the accumulated experience of 
his predecessors, we would soon arrive at the blackness of social 
darkness. We can therefore say that were it not for the Engineer 
in history, our fashionable society would probably all be modelled 
upon that of Terra del Fuego, where an entire wardrobe consists 
of a piece of fur, held upon the windward side of its wearer. Our 
roofs would be the caves and trees ; our food, shellfish and fruits 
and nuts—good enough dinner courses in their way, but not 
followed by champagne ; our roads would be but foot-trodden 
paths; our bridges fallen logs ; our weapons stones and clubs. 

So much for a cursory negative view of engineering in the 
past. A positive exposition, in a concrete form, even if for a lim- 
ited period of time, might occupy too many pages should I follow 
what has been a frequent custom in this Society, and an obliga- 
tory duty in one at least of our American sister societies ; namely, 
to make the annual address a resumé of the important engineer- 
ing news of the world for the preceding year. Tempting to an 
essayist, and interesting in itself, as this field may be, I venture 
to leave it to be harvested by our members with their individual 
sickles—or should I say self-binding automatic reapers ?—that I 
may touch upon a theme which, though not less important, is 
less often brought to your attention. This I feel the more 
willing to do, from the fact that I have more than once been 
requested to make public certain views which I have at various 
times strongly expressed in private conversation. 

The term Engineer, the subject of my title (and of the foregoing 
brief historical sketch), should, to my mind, include in the per- 
son described thereby all the attributes implied in the two nouns 
which follow. If it always had been thus inclusive, then that 
higher professional standard would have been attained which 
our clients in the world outside demand, as well as our own 
interest and happiness, and this essay would have remained 
unwritten. Assuming that the great majority of the men who 
are styled, and who style themselves, “engineers” are really 
worthy of the titlke—that in some one or more of the numerous 
departments of their calling they know how to get the better 
of Dame Nature, so to speak, by designing and constructing a 
good road, or bridge, or railway, or canal; by locating and 
digging a good mine, and knowing what comes out of it; by 
planning and building a good machine, without the scrap-heap’s 
credit-entry showing more avoirdupois than the bill of lading ; 
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by taming the lightning as a gentle beast of burden in its modern 
harness of copper and silk and iron; by creating beautiful build- 
ings not of the order of the ephemera; the following questions 
arise : 

Does this aggregate mass of engineers attain to as high a pro- 
fessional standard as, all things considered, our modern civiliza- 
tion would lead us to expect? Does this body of men, who, 
without question, are of vastly more importance to the world than 
those of any other one profession or trade, stand as high in the 
estimation of their fellow-men as their important position would 
seem to demand? Is their eraft (one which, if properly prac- 
tised, requires as much learning as do the crafts of law or 
medicine) thoroughly recognized as one of the learned profes- 
sions ? 

To these queries we engineers cannot, unqualifiedly, give an 
affirmative reply. In the first place, we do not in all cases make 
high enough and absolute enough our standard of qualifications 
for admission to our ranks. In the second place, we do not have 
our forces systematically organized into a mighty army, with un- 
broken front, which would compel, to a proper degree, the admir- 
ation and respect of the non-engineering world for the profession 
asa whole. We have, on the contrary, been fighting too much 
upon the guerilla principle, and have too often shown the world 
briliant dashes by individuals, unsupported by the great body of 


their fellow-fighters. In a retrospective glance through history, 


we way perhaps trace some of the causes which have prevented 
engineering from being definitely organized as a learned profession 
in early times. Among these causes was possibly the fact that 
the men on whom alone, among the intellectual classes, devolved 
the bulk of the hard work of the world’s advancing civilization, 
the engineers and architects, were too busy even to cultivate 
each other’s acquaintance, to say nothing of that of the lazy 
kings and knights and priests, who were the leaders of influential! 
society. In times of war these kings and knights—lazy no longer 

valled upon their men of practical science to build their roads 
and forts and towers, their ballistas and their catapults. Thus 
arose the military engineer. He was far too important a man to 
have his eyes put out, or to be walled-up alive in one of his own 
buttresses, after the completion of his first valuable piece of work, 
as had been the pleasant experience of some of his civil 
brethren. He grew to rank with other high officials of the army 
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which he helped to keep in existence, and organized his work 
after the methods of his fellow-soldiers. Hence the systematic 
edueation and training, the esprit du corps and high professional 
status, of the body of men who should in some respects be the 
model for the now larger body of their lineal descendants, the 
civil engineers. 

T here use the term “ civil engineer ” in its general, rather than 
its restricted, sense ; and it seems to me that we Americans should 
follow the practice of our European brethren in giving to the 
word “ civil ” its proper and original meaning—simply “ non-mili- 
tary.” It is bad enough, in these days of friendship and earnest 
cooperation between our government engineers in both Army 
and Navy, with the much larger body of those in civil life, to have 
the general distinction between military and civil. The classifiea- 
tion is not a logical or scientific one, as much of the work in these 
different branches is identical. A military engineer, in these 
times of wonderfully rapid mechanical evolution, must be a good 
deal of a machinist and electrician and aeronaut, as well as a 
digger of ditches and builder of forts. Even in the last mentioned 
work (the one thing which distinguishes him from his civil brother, 
and which the latter is supposed to know nothing about), his 
knowledge is becoming very uncertain; for the conventional 
science of fortification, with its visage grim of brick and granite, 
seems to be crumbling into débris and ashes, from which the 
young phoenix of mechanical engineering shall spring with a 
shining countenance, bearing in its lineaments the similitude of 
nickel-steel. 


From this general view of the case, it would seem that the pro- 
fession as a whole should designate its members by the simple 
word “ engineer.” The publie would in time follow this example, 
but, meanwhile, persistent and organized effort should be made to 
discourage the “ Americanism” of using the word to describe the 


driver of a locomotive or the engineman of a factory ; nay, even 
the clodhopper who stuffs straw into the fire-door of an agricul- 
tural engine, smears lard upon its feverish journals, and hangs his 
boots and jacket upon the safety-valve, for a maximum test 
of the elastic limit of the boiler-shell. 

Allowing the distinction between military and civil work to be 
expressed only when necessary, it seems to me that the normal 
use of adjectives as prefixes to our general name should be 
simply for classification into specialties of practice, as topo- 
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graphical, mining, metallurgical, mechanical, electrical, hydraulic, 
railway, bridging, architectural, sanitary, ete. These terms are 
written in a somewhat natural order of progression from nature 
to art; but are not, of course, in strictly logical form and sequence. 
This and the preceding paragraphs may be somewhat in the way 
of a digression from my subject, but are in sympathy with the 
general idea intended to be expressed of fixing a definite status 
for the man (or woman, if she be so minded) who shall be ealled 
an engineer. Having briefly and sketchily traced his past his- 
tory and present position, let us, following the motif of my title, 
see whether the term “ engineer” includes those of * scholar” and 
“gentleman.” If such is not wholly the case, how far should it 
do so, and how may it be made to? 

As a matter of fact, the modern engineer, if he be worthy of 
the name, must be a scholar as regards many important branches 
of knowledge. To have become this, he must possess a trained 
intellect and must have been through a course, whether in col- 
lege, or office, or shop, in which he has fulfilled the most impor- 
tant condition of all scholarship, by learning how to learn. The 
particular branch of learning into which his natural talent, his 
inclination, and the necessities of his chosen profession have led 


him, will have required as much study as if he had, for a spe- 
cialty, chosen Sanscrit, or archeology, or astronomy, or Spanish 
literature. 


In stating the case thus, I do not wish to disparage classical 
learning. If a young man about preparing for any branch of 
engineering has time and money enough to take a classical 
course in addition to the scientific course, which is absolutely 
essential (if not at college, then at home, or somewhere else), so 
much the better. The delay of a year or two in starting upon his 
practical life-work will be well paid for by the increment of men- 
tal culture obtained, and by the additional opportunity for class 
friendships, in after life, with scholarly men, who are not running 
exactly in his own grooves of thought. If, however, he can by 
no possibility give to the schools all the time necessary for both 
courses, let him go through the scientific course thoroughly, 
remembering the masterly epigram once uttered upon an occa- 
sion like this, by my talented predecessor in this chair, Prof. 
Sweet, which, as I remember, ran thus: “’Tis better to know 
what wants to be done, and Aow to do it, than to know what has 


been done, and who did it.” Surely, no comparison between the 
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study of practical science and of history in literature could be 
more crisply, yet more powerfully, formulated. 

Our embryo engineer should not, however, take sides so strongly 
in favor of pure science as to ignore entirely the claims of polite 
literature. T'oo many of our young men who are faithful stu- 
dents and earnest workers, but who are too poor to take a full 
college course, or who, yet more unfortunately, can take no course 
at all, beyond the common school or academy, are apt to imbibe 
a contempt for helles-lettres, and even, in some cases, for the 
shade of Lindley Murray himself. They wish to be intensely 
engineers, and are willing to be nothing more, ignoring social 
life and other pleasures in their zeal for their chosen work. 

To such young men the advice cannot be too strongly given : 
Do not limit your future happiness and that of your friends and 
associates by becoming mental hermits—one-sided, unsymmetri- 
cal characters, with ideas running in a single groove. Not only 
for your social happiness, but for your professional advancement, 
for your worldly prospects in wealth and reputation, make your- 
selves fit to appear as educated men of the world, not in the bad 
sense of being familiar with its vices and ready to sneer at its 
homely virtues, but in the larger sense of being ready to meet 
men anywhere, of any degree, upon their own ground, familiar 
with their methods, and acquainted with their ways. For all this 
you need not be able to instruct a learned Rabbi in decipher- 
ing Hebrew inscriptions ; nor a Harvard professor in extracting 
Greek roots; nor even an astronomer royal, regarding the width 
and straightness of the bands on Mars; they could not tell you 
the area of an anchorage-plate in your suspension bridge, or the 
best diameters for the piston-rods in your latest triple-compound 
engine. You should all four, however, be ready to meet on 
common ground at your club, or in each other’s drawing-rooms, 
and be not wholly at sea should discussion arise about Shakes- 
peare’s iconoclasts ; or the most-talked-of article in the last Vine- 
teenth Century or Forum ; or as to how American was last week’s 
American Order of Architecture, as exemplified in some fearfully 
and wonderfully made new public building. For all this, it is not 
absolutely necessary that you should be able to translate even a 
page of Homer into flowing English rhymes. 

Continuing the imperative mood, the advice to our hypothet- 
ical young man would be more definitely formulated: Before 
you begin engineering, ground yourself with a thorough English 
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(if England or America be the home of your birth or adoption) 
common-school or academical education, learning as much of the 
classics and of modern languages as time and circumstances may 
permit. For your professional training, enter the best technical 
school, college, or university available, the larger and more fully 
equipped it is, the better. Adapt your personal course of study 
especially to the branch of engineering which you intend to follow, 
bringing in as much of the classics as may come, without hamper- 
ing your science. If your time for languages, dead or alive, is 
limited, choose German, French, Latin, Greek, in the order named, 
uuless you need Spanish, Italian, ete., for local reasons. If the 
curriculum of your school does not include ample practical work 
in field, shop, mine, or laboratory (according as your future work 
may lie), take care to have had enough such practice, either 
before, during, or after your school course, as to amount to 
three or four solid years of such work, before you announce 
yourself as a practising engineer. In addition to this, do not 
neglect your commercial education, if possible spending such 
time in store, bank, or counting-house as will give you a general 
idea of accounts and commercial law. In these days an engineer 
must be a man of affairs, and must be something of a merchant 
and lawyer, as well as a scientist. With all this, keep in mind, as 
before indicated, the great importance of writing and speaking 
your own language correctly, and of attaining at least a cursory 
knowledge of general literature, and something of the shibbo- 
leths of cultivated society. 

So much for the engineer as a scholar. Answering a ques. 
tion propounded earlier in this essay, I will express the opinion 
that the best modern engineering courses of study do inelude such 
scholarship ; and that the great majority of studious men who 
have been fortunate enough to graduate therein, with their cul- 
ture supplemented by a few years of active professional life, 
whether as manufacturers, consulting engineers, or what not, may 
lay claim to. the true scholarship, which consists of a general 
knowledge of the world at large, combined with such particular 
knowledge of, and experience in, their chosen vocation, as to 
make it a success. That minority who have not reached the ideal 
just pictured, though perhaps more or less eminent technically, 
are either men who have fought their way up through early dis- 
advantages, or men who, having had the advantages, have a 
natural distaste for the refinements and amenities of intellectual 


ten 


~ 
= 
© 


>: 
a 
= 
° 


PRESIDENT’S ANNUAL ADDRESS. 49 


and social life. If eminent, they are so in spite of this neglect, 
not because of it. Happily, our modern technical schools, a 
course in which is now considered almost essential as a prepara- 
tion for any branch of engineering, are creating a new and higher 
standard than did or could exist even a score or two of years 
ago, especially in the case of mechanical engineering. Many of 
us now only in middle life can reinember the times when this 
branch of the profession had hardly begun to be a science, and 
but very crudely was an art. Not so very long since our machin- 
ery was designed, empirically, by the machinists (or white-smiths, 
as the English termed them), who were to build and operate it. 
A mere shop experience was considered sufficient education for 
these designers, and the resulting machines showed their father- 
hood. Their chief pride was to be “ practical,’ and they vied 
with each other in scoffing at theory and at science. Unfortun- 
ately, some of these men are alive yet, and are still at work. 
Mechanical engineering as a science has, however, sprung up like 
a young giant ready for the fray. Its influence has pervaded all 
other divisions of the profession, until the “ civil,’ the mining, 
and the electrical engineer are largely dependent upon its meth- 
ods and its men. The scholarship which, but comparatively a 
few years ago, was monopolized by the older branches of the 
engineering family, has become necessary to all; and the time 
will doubtless soon come when nobody will attempt to practise 
without having enjoyed the rigid training and culture of the 
schools, or, at any rate, such private training as will pass their 
examinations. 

Having seen that an engineer who is worthy of the name gen- 
erally is, and always should be, to a greater or less degree, a 
scholar, we come to the more delicate and difficult question sug- 
gested by the title of this address: Is he, or should he be, a gen- 
tleman, in the highest and most perfect sense of the word? So 
embarrassing is this matter that I feel loath to speak of it, and do 
so only with the hope of adding my mite of influence in favor of 
the good work, which is already in progress, of elevating the tone 
and standard of tie personnel of our noble profession to the 
highest possible degree, intellectually, morally, physically, and 
socially, 

To the second portion of the query propounded in the last 
paragraph, we shall all without doubt unhesitatingly say yes! 
No standard of gentility, no patent of nobility, can be too high 
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for a profession which leads the civilization of the world, and 
_ which is probably destined, in the not too far off future, to mark 
out pathways of material and moral advancement in the life of 
the race, which are beyond all our present conceptions. Taking 

a lower and merely selfish view of the case, there can be no ques- 
tion about the great advantage which will accrue to the engineer, in 
- common with the architect, the lawyer, or the physician, from the 
wbility to meet his wealthy and cultivated clients upon their own 
level ; to excel them, if anything, in the intelligent appreciation of 
4 their mutual affairs, and in the amenities of social intercourse. 
This social aspect of professional work, and its great import- 
ance in furthering his success in life, not only in the way of 
4 pleasure, but of profit and reputation, is too often ignored by 


‘ 


big-brained young men who are full of scientific zeal, but who 
have not learned sufficient practical respect for the ways of the 
world, 


Answering last the first portion of our query, we may all con- 
- gratulate ourselves that engineers as a body rank high as gentle- 
men the world over. There are, of course, exceptions, as there are 
in all vocations, whether with priest or doctor, counsellor or 
gowned judge. Happily, the tendency of an engineering educa- 
tion & to refine, rather than coarsen ; and this is, I think, the case 
with the study of science in any of its forms. As we have seen 
that the very name of engineer is apt to include and carry with 
it a fair degree of scholarship, so this scholarship carries with it 
and includes a certain inherent gentility, just as does scholarship 
in other and quite different branches of learning. Engineering 
has, however, the advantage enjoyed by other purely scientific 
studies ; it commands an absorbing interest in its devotees which 
entices away from frivolity and dissipation, and the dealing with 
pure truth and with the resistless logic of nature leads to veracity 
and accuracy of character and speech. Who, that has mingled 
freely in engineering circles, has not noticed the comparatively 
high moral tone and solidity of character prevalent in their pe/- 
sonnel? Temperance in all things is in the very nature of the 
engineer's daily line of thought. He is too mucl: accustomed to 
trace carefully every effect to its cause, and to modify his causes 
that his desired ends may be accomplished, to fall an easy prey 

to dissipation of any sort. 
So firmly do I believe in the elevating tendencies of our profes- 
sion that I might well have added to my title the words “and a 
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moralist.” Not only do the studies of the votaries of science tend 
toward scholarship and gentility, but toward morality ; and these 
attributes act and re-act upon each other. Science is truly the 
handmaid of religion ; “ her ways are ways of pleasantness ;” she 
secketh but the things that are true, “ that are lovely, and of good 
report.” 

Assuming and believing that the status of engineers as a body 
is good, and that on the whole we rank before the world with 
other learned professions, the question arises just as it does with 
one of our “ perfected” machines): “ low can we make it better?” 
How can we outrank all the others, and make ourselves fit to 
stand before the world so that it will acknowledge us as the lead- 
ers of its advancing civilization and large factors in it, as openly 
doing what we really have been doing sud rosa through all the 
passing centuries? Ilow shall we make it consider us, when 
in properly organized form, a body so wise and powerful as to be 
fit advisers not only in matters of applied physics, but in social 
science, in commercial economics, and perhaps even in politics 
itself (if that subtle profession is not killed out by that time) ? 

And why not such added functions? They fall within the 
line of thought which I have projected—a line reaching from 
before the dawn of history to a bright era in the future, when the 
affairs of men shall be run on the engineer's time-table ; that is, 
by the rules of common sense. This, being interpreted, doth 
mean simply that we sball try to win nature’s gifts by using 
nature’s laws, not by controverting them. 


Answering the questions above propounded, as to how we can 
in all ways elevate our professional standard, I will suggest that 
the best way is to have a standard, andthen to elevate it. To 
do this we must have such general organization as will give con- 
certed action, and then command general respect. Furthermore, 
this standard should have some sort of a legal status, at any 
rate as regards its minimum limitations. Just as firmly as I be- 
lieve that no doctor, nor architect, nor lawyer, nor chemist, should 
be allowed to invite fees from the public, without first passing an 
examination and receiving a degree from some reputable school, 
which, in its turn, should be subject to examination and regula- 
tion by the general government as much as should a national 
bank, so do I verily believe that the practising engineer should 
be authorized to be such by some higher and more uniformly 
acting power than his own choice. Not only do we want such 
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regulation for the protection of the public, but more particu- 
larly for our own protection, that we may not suffer from the 
charlatans and quacks who infest our ranks, with symbols 
ending with an E appended to their names. We may not yet be 
ready for any such system of unification, but it seems to me that 
we should /u//d toward something of the kind in the future, as 
the surest way of fixing our status in the eyes of the world as be- 
longing to one of the definite and recognized learned professions. 
Should such a system once be established, there would be no 
more chance of a reversion to the present systemless style than 
there is of our American national banks changing back to the 
old-fashioned “ wild-cat” banks of forty years ago. 

In the meantime, whilst we as a body are educating ourselves 
up to, and preparing for, some scheme looking toward more unity, 
power, and usefulness, how shall the average tone of the profes- 
sion be improved by the cultivation of the individual? Here the 
advice regarding the Scotchman in the story may be followed: 
“Catch him young.” The rising generation of engineers must be 
trained to higher ideals than has been any preceding one, and 
this is largely the work of the schools. 

We have, in this conntry, many excellent technical colleges. 
Generally speaking, their standard of scholarship is high, their 
methods thorough. Their chief fault is, perhaps, lack of uni- 
formity with each other, in certain things where standard methods 
of study and experiment would be desirable ; and, more impor- 
tant yet by far, some standard regarding the conferring of degrees. 
The evils due to these sins of omission may perhaps be remedied 
by some system of official conference between their respective 
faculties, some intellecthal “ pooling of their issues,” so to speak. 
Not only would this be productive of uniformity where uniformity 
might be an advantage, bnt it would improve the average char- 
acter of the schools themselves, and tone up the weaker ones by 
exciting a spirit of more active emulation. 

We have assumed that our coming engineers, many of whom 
are now in our colleges and “ institutes ” training for the develop- 
ment of brain and eye and hand, will there find all needful helps 
to the scholarship which is to prepare them for their calling. 
They will there be trained, also, to some extent, in manners ani 
personal habits, both by precept and example, especially those of 
them who, by reason of poverty or geographical isolation, have 
not had the early advantages enjoyed by some of their more 


PRESIDENT S ANNUAL ADDRESS. — 53 


Chesterfieldian fellow-students. Recurring once more to the 
second natural attribute of an engineer mentioned in the title, 
we may ask: Do these schools establish and maintain the high 
standard which they should do in regard to good breeding, ele- 
vant manners, tasteful costume, and those graces and accom- 
plishments which, as before intimated, will so much aid any 
professional man in gaining the desirable prizes of life? The 
answer must be, that our civil schools do not, to the extent they 
might, provide this culture as yet. 

In this respect they should follow some of the methods of gov- 
ernmental military and naval schools, whose curriculum includes 


not only a rigid technical and professional course of study, 
mingled with enough of classical and general literature to eculti- 
vate the mental graces, and a superabundance of military drill 
and other systematic physical culture for strength and grace of 
body, but also instruction and practise in dancing, in dress, and 
in the nameless other social arts which make for politeness and 
refinement. Nor do we see that attention paid to these matters 
in any way cuts short the more severe culture which is the chief 
aim of education. To disprove this we need but think of the 
long list of names, which it would be invidious to specify, among 
the regularly educated army and navy men of this country and 
Europe who have become distinguished in science and in general 
engineering. 

We cannot take all our young engineers from cultivated bomes 
and teach them only technics. Many are blessed with such 
homes, but many others must come from orphan asylum, from 
factory, from distant farm. We are all, in a certain sense, chil- 
dren of the people. Class distinctions are gradually disappear- 
ing not only in America but in Europe and the Islands of the 
Sea. Notably is this the case in what we may almost term our 
sister republic of England. The ultimate social distinction will 
simply be between gentlemen and non-gentlemen. Only the men 
with suflicient “voltage” of brain-power will survive in the 
struggle for a properly standardized engineering education. If 
they happen to need it, why should they not incidentally re- 
ceive, as they pass through the mill, the polish of gentility ? 

It is an observed fact, that many a mere “ cub,” drawn from his 
lair in backwoods or mine by some benevolent congressman, and 
entered at West Point or Annapolis, has, if showing brains enough 
to go through at all, been turned out a scholar and a gentleman. 
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He, throughout his after life, mingles with ladies and gentlemen, 
is one with his fellow-officers, for nowhere is esprit du corps 
stronger than in army and navy eircles. Let us do likewise with 
any engineering cubs that we may catch. Let our schools imitate 
successful methods wherever found. Let them throw such a 
mantle of refinement over each of these young men as not only to 
conceal, but to absorb his cubbishness. Make him not alone 
truthful, temperate, scientific, skilful, business-like, scholarly ; but 
healthy, erect, graceful, socially accomplished, possessing “ man- 
ner,” as well as manners. Give him a love for moral and physi- 
cal cleanness—morally a cleanness shining out from soul and 
mind, and physically one which shall be manifested not only 
upon his face and upon his shoes, but shall reach even to the tips 
of his fingers. Give him a horror of careless pronunciation and 
orthography, but such a practical respect for etiquette and fash- 
ion as will cause him to use either at will, as an expedient tool, 
while, perhaps, contemning it theoretically. Teach him that 
there is raiment fit for the morning, and raiment meet for the 
evening; or, at any rate, that he may find chances to make some 
pleasant hostess happier by assuming such a proposition to be 
true, whether it be strictly logical or not. Search the effects of 
a youth thus trained for personal and well-used implements of his 
calling, and expect to find not only tape-line and calipers, but 
a thumbed-up volume of Shakespeare or Emerson ; not only a 
two-foot rule and an “ aneroid,” but a ecard-case and the ac- 
cessories of a dainty toilet. 

The general and social culture which our schools should pro- 
vide for these young men cannot be a matter of precept only, 
but must be one of example also. There must be a high stand- 
ard among professors and instructors as well as among students 
—not only in scholarship, but in manners and morals. While 
speaking again of morals, as among the attributes of a gentleman, 
I fain would utter an earnest plea for the nurture and cultivation 
of that knightly sense of personal honor whic! is regarded all too 
lightly in the money-getting strife and turmoil of our modern 
commercial life, but which possibly we may find more prevalent 
in military than in civil society. Such honor is above all bribe- 
taking, and should be sacredly held as a part of the capital of 
every engineer. It should keep him (if for his reputation’s sake 
only) infinitely above the consideration of such loot, for example, 
as commission upon material, the sale of which might be affected 
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by his professional opinion thereupon. It should lead engineer- 
ing influence to reform our wretched system of expert testimony, 
wherein two reputable scientific men are paid by interested clients 
to draw two opposite sets of conclusions from the same premises, 
instead of being paid by the courts to tell the truth, as should 
be the ease, and will be—when we engineers make it so. This 
high honor, and the gentle courtesy by which it should be mani- 
fested, are but the “applied science” of that Golden Lule which 
was preached by the Greatest of Gentlemen, in Galilee, eighteen 
centuries ago. It merely causes us to treat all men and all 
women as we ourselves would be served by them. Shall not our 
schools include it, more definitely than now, among the things 
which it is good to learn ? 

Catch we thus young the rising ,eneration, thus lead them and 
guide them toward the highest possible ideals of morality, science, 
work, scholarship, and gentlemanhood, meanwhile organizing our 
forces by standardizing our methods, and by federating our socie- 
ties, great and small, for unity of action in matters where unity 
may seem desirable (but retaining their autonomy for local and 
departmental objects), and the early half of the twentieth century 
will see and recognize a noble guild, girdling the earth both 
intellectually and materially, whose power and influence will 
lead mankind forward, yet more than in the long past, toward 
all that makes for prosperity, for purity, for pleasure, and for 
peace. 
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LIGHT CABLE ROAD CONSTRUCTION. 


BY FRANK VAN VLECK, LOS ANGELES, CAL 


(Member of the Society.) 


THE main objection urged against cable roads for small cities 
has been the almost prohibitive cost of construction. Advyo- 
cates of electric traction have even asserted that cable roads 
could not be built as a single-track system, thus making the 
cable road a luxury only for the metropolis. In the far West 
there are a few good examples of single-track cable road work, 
and the object of this paper is to present another case where 
a single-track cable road has been put under construction—a 
road in which the main aim has been to combine the elements 
of a thoroughly good plant with such economy in cost as would 
warrant the erection of such a system in a town of between 
thirty and forty thousand inhabitants. 

In these days, when it is almost universally recognized that 
for the purposes of intra-urban traffic the emancipation of the 
street-car horse is at hand, it is asked and demanded, which, 
then, shall be cur steed for our new rapid transit, electricity or 

the cable? Electric railways, under the enterprising energy of 
iy special corporations formed to develop them, have made enor- 
4 mous strides, and their success has been well merited; for, 


and electrical, have been almost phenomenal. Yet there are 
some things the electric railroads cannot do, or cannot do, 
. at present constructed; notwithstanding some amusing 


claims of the electricians that certain grades can be ascended 
_which the steam-railroad men know to be impossible of ascent 
under all conditions of track and weather. The writer, although 
connected with the development of the cable system, cannot but 
— conclude that the day of usefulness for the cable on the level is 
forever gone, and that the electric road stands the champion of 

the field. When the ascent of steep hills is to be undertaken by 
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any street road, then the advantages of the cable over any other 
means of locomotion are apparent. Representatives of the elec- 
trical companies have claimed, and even attempted, grades ranging 
up as high as 16 per cent. for their motors, and have repeatedly 
asserted that, when using the return current by the rail, the trac- 
tive effort is increased by the electric adhesion between rail and 
wheel. The amount and character of this adhesion has not as 
yet been as fully explored as the demands of tramway engineers 
would wish, and with the electrical engineers themselves this ‘ 
feature has not been made as much use of as the merits of the 
discovery would seem to warrant. Therefore, in the pregent 
condition of the system, it would appear unwise to assume that 
any electric-motor car could have any greater capabilities of 
ascending hills, or for traction, than steam-motors with same 
conditions of weight, wheel base, and track. 

Most of the cities of our country are located on the level, and 
as such are eminently adapted for electric railway work, while 
often other cities have the misfortune to be built on hills. He 
would indeed be a bold projector who would claim the possi- 
bility of ascending some of the San Francisco hills with any 
form of traction locomotive, some hill streets in that city 
being entirely given over to the cable roads, as no vehicle can 
with safety ascend or descend. The inclines of either the Ho- 
: boken Elevated or the Brooklyn Bridge would also be a difficult 
ascent under all loads and wet tracks. 


Space has been taken for allusion to the relative merits of 
these two systems, as the consideration of them has been an 
’ important feature in the San Diego Cable Railroad, about to be 
l described. 
‘ This San Diego franchise was first operated as an electric 
Q road, and as such continued in operation for about a year. De- 
‘ ficiencies of construction, improper design, inability to ascend 
d grades with any reasonable speed, or at all, and large leakages of 
it electricity and consequent loss of power, compelled the company 
h to cease operation at an early date. 
it The electric road’s franchise and equipment were then pur- 
1s chased by a company purposing the adoption of the cable sys- 
of tem. This new cable road has just been put into operation, 


and its description constitutes the subject-matter of this sketch. 
rr Before breaking ground the officers of the road had already 
determined for the engineer that the road was to be a single- 
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track system, and was to be constructed with thoroughness, yet 
at a cost which was to be materially less than that considered 
moderate for other roads. For it must be understood that the 
city of San Diego is of such size that neither heavy traffic nor 
receipts could be expected for some time to come. It there- 
fore may be observed in the following descriptions that, while 
many of the best elements in cable engineering are employed, 
the designs also show that the items of cost have m each case 
been pared down +o lowes: figures. In many cases new depart- 
ures from usual practice were adopted for economy, yet, when 
such new designs have been completed and installed, they have 
been found to be more satisfactory than the older forms. 

It will be seen that the construction of a single-track system 
produces a complexity of design which is practically a simple 
matter to the double-track system—a case where the apparently 
simple is yet the most complicated. 

The double-track roads have but one cable moving in their 
conduits, and moving invariably in the same direction. The 
underground passage of grips and the movements of surface 
cars are therefore positive and in the same direction. But in 
the single-track system, although it may be the essence of sim- 
plicity in the streets, yet underground its ways are devious. 
Two cables demand attention, each hurrying in opposite direc- 
tions, yet side by side. The grip likewise must be capable of 
holding to its proper advancing cable and not to the other. 
Curves present a maze of difficulties. For the uninitiated can 
see that two cables, each running in opposite directions, cannot 
pass around the same curve-pulley at the same time. he 
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The backbone and foundation of a cable system is the road 
substructure, the form of the iron yoke binding all the rails and 
shaping the conduit, and the concrete foundation. The influence 
of a fine California climate had not a small share in the deter- 
mination of the iron which forms the yoke, for in this part of 
California frost in the ground is a contingency which engineers 
never consider. 

This yoke is shown in Fig. 1. The positions of track-rails 
and slot-rails are as shown. The form of the central conduit 
was determined by these considerations : Two cables must trav- 
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erse the entire length of the conduit. They must not be so close 
together as to chafe each other in oscillating sideways, nor so 
close as to touch the rims of the sheaves carrying the opposite 
cable ; nor, again, must they be so far apart as to swing against 
the concrete sides of the conduit, or so close to those sides as 
to render difficult the passage of the grip, which must em- 
brace the cable from the sides. The sizes and position of the 
sheaves carrying the cable also had their claims. Drainage had 
to be provided below all, in order to allow free passage of water 
and dirt below both cables and sheaves—for it must be said of 
Southern California, with somewhat of the reputation for being 
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STANDARD YOKE. 
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during most months in the year a semi-arid region, yet it does 
have the accompaniment of rain sometimes during the winter 
months, and when it does so rain vast volumes of water fall in 
short spaces of time. In such eases cable roads may run like small 
sewers, and not to make provision for water would be ruinous 
to the cable ; for the grit thus carried about and into the strands 
of the cable doubtless is a prominent factor in decreasing its 
life. Finally, the cross-section of the grip must determine the 
main form of the conduit, for this grip must pass every point 
of the road and must be capable of taking the rope only at the 
proper level, and taking the correct moving cable according to 
the position in which the car is headed. 
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Therefore, ina road of this kind it was necessary that, even 
before any other mechanical details were determined upon, the 
grip itself should be designed, or, at least, the form of its cross- 
section unalterably fixed. 

The form of conduit thus derived will be observed to depart 
from the usual practice of double-track roads, in that the grip 
necessitates an angle in the side of the conduit where ordinarily 
is but a straight side, as seen at 4, Fig. 1. In the matter of the 
gauge between rails the directors of the road simply consulted 
expediency, nor did they hunt up any absurd regulations, if 
such existed, requiring street lines to conform to some old 
rustic’s idea that street tramways should always be made to 
conform to the supposed gauge of all the local wagons and car- 
riages. Many cities have enacted such ordinances, with the 
thought that it was the right and privilege of all vehicles to 
have the pleasure of riding in the “flats” of the street, rails 
Thus in various cities of the country do we see gauges running 
from six feet to three, and even less. It may be that the “ battle 
of the gauges” is yet unfought for tramway work. It almost 
appears that the standard 4’ 8)" has not a proper raison d’éti 
for this class of construction, which is scarcely comparable with 
steam railway work, and rarely exchanges traflic with such roads. 
Therefore this San Diego road, following the example of nu- 
merous other cable systems, promptly decided for the 3 6 
gauge, and would even have decided for six inches less and 
reaped further benefit of still diminished cost of construction, 
had they thought that public sentiment would look with favor 
upon such a narrow gauge in a city already compassed by the 
wider standard gauge. The outside width of the yoke being 
thus determined by the gauge, the yoke as completed is some- 
what of a V form with the bottom rounded. The conduit or 
tunnel extends to within six inches of the bettom. From the 
figure it will be seen that the tendency of the yoke to close is 
resisted mainly by the metal in the cross-section at the bottom of 
the conduit ; this, therefore, was given as much iron as could be 
conveniently done in a yoke of so light a weight—150 pounds. 

The rail used is of twenty-five pounds section, and although 
light for cable road service, yet, as large quantities were left as an 
heirloom by the former electric road, it was decided to use it for 
whatever might be its term of life, and then, if the traffic so de- 
manded, lay a heavier rail. T rails can never be regarded as 
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the best tramway section to lay in a city street, yet where the 
paving outside is close to the head of the rail, and the paving 
inside is at the height of the top of the rail, with but a flange- 
groove between rail and paving, the objections to the T section 
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almost disappear. This was easily arranged, as the paving be- 
tween rails on the entire road is of asphalt, or what is more spe- 
cifically termed, at the Pacific, bituminous lime rock. 

The slot-rail (7, Fig. 1) is a special section rolled for this 
road, the desire here being to secure one of the lightest pos- 
sible forms, one which would be inexpensive to adjust, and one 
which should avoid what with many other roads has been inevi- 
table—the use of paving-plates. What are known in cable con- 
struction as paving-plates are strips of cast or wrought iron 
extending from yoke to yoke, near the slot-rail, to prevent the 
concrete from being pushed from its sharp angle into the con- 
duit or tunnel. 

This matter of paving-plates alone is one which may affect 
the cost of a mile a thousand dollars or more. 

A few cable roads, on the ground of pinching economy, have 
attempted to save a considerable amount by the abandonment 
of concrete as a binding medium to hold yokes and roadway 
together. Although this saving may be material in first cost, 
yet the expenses of general repairs and the hosts of nuisances 
of bad alignment and closing slots render it unsuited to 
what aspires to be a satisfactory system. Therefore it was 
early decided to use concrete throughout this new system, but 
not in such large cross-section as would require a large out- 
lay. The external bounding of the concrete cross-section fol- 
lows the outline of the yoke, except that at the bottom the 
concrete is run three inches below the yoke for the purpose 
of forming a better foundation, and a bond between the con- 
tiguous blocks of concrete between yokes. This concrete was 
formed with the proportions usual to many roads, three parts 
sand, six of broken stone, and one part of best imported Eng- 
lish Portland cement. The mixing was in all cases done on 
the road, beside the work, and at once thrown into position 
between the yokes in the trench, and then thoroughly tamped. 
Yokes were spaced at four feet centre to centre, and at every 
tenth yoke was placed a “ pulley yoke,” this being such a one as 
is shown in Fig. 1. The plain yokes do not have cast on thir 
conduit curve the two brackets shown at 2, B. In other single- 
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track cable systems it has heretofore been the custom to place 
a pulley or rope sheave on one yoke, and on the next yoke an- 
other pulley for carrying the opposite-going cable. This requires 
two yokes to be prepared for the reception of the pulley-boxes, 
and then on each yoke two boxes are to be attached, usually by 
_ bolting, and brought into proper alignment. To make each of 
these two pulleys with their four boxes accessible from the 


 SHEAVE FRAME 
Scale 


By the system here employed for the first, both pulley shafts 
are brought close together, and can therefore be carried in a 
single frame (see Fig. 2). This frame passes around and carries 
both pulleys. Having them both in the same frame, whenever 
the frame is adjusted to proper position then are all four 

~ bearings i in correct line. This frame is simply passed in over 


> brackets attached to the yokes until it comes to its mid- = 
Pen when a depression in the frame drops over the bracket ; 
then, a thin, wedge-shaped piece is driven in on each side, : 
frime is rigidly held to place and can neither back out nor move 
forward. 
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Another advantage of this frame-carrying device is that the 
oil-box on one side embraces both journals; thus, one oiling 
oils the two shaft ends. It also affords a large receptacle for 
containing the oil or oil-waste, or “dope.” The whole thing is 
also readily accessible from one small manhole in the street. 
The small carrying sheaves (Fig. 3) are ten inches in diameter 
with a three-inch face, and are mounted on cold rolled steel 
shafts about twelve inches long. The sheaves are of cast-iron 
throughout. To the uninitiated in cable work it appears strange 
that cable engineers persist in letting their splendid steel cables 
wear themselves out by passing along and around wheels whose 
surface is hard cast-iron, while theory would seem to dictate the 
invariable practice of using a softer material for this rope to 
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pass about on. Some roads do, indeed, use sheaves with grooves 
filled with Babbitt or wood. Whether such use has lengthened 
the life of the cable appears to be doubtful, while its manifest 
disadvantages have been often too evident. The great disadvan- 


' tages are greater wear and consequent frequent renewal of the 
. softer material and the greater difficulty experienced by the . 
5 soft wheels taking the “lay of the rope.” This latier is an effect 
. which all cable men seek to avoid. When a cable is considered 
r in its best condition, its depressions between contiguous strands 
. ire uniformly filled with tar or pitch, so that the appearance of 
.. the cable is not unlike a well-tarred gas-pipe. In this condition 
f. at resists better the wearing action of sand or grit, which may 
e chance in the conduit, and is far smoother in its action in pass- 
- ing through the jaws of the grip. When a wheel or sheave takes 


the “lay of the rope” it has formed in its groove the matrix of 
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the cable or the opposite of the space between strands. This 
matrix gradually increases its resemblance to the space be- 
tween strands, with the consequence that it pushes all the 
tar from between the strands, thus setting back the cable 
to its original naked condition. When such a wheel or 
sheave is found it is promptly taken from the road and 
thrown away, or the groove, if the stock in the rim permits, 
is re-turned. 

The manhole through the paving whereby the oiler has the 
opportunity to perform his duties is perhaps smaller in this 
road than any other. As this is a detail of coustant repetition 
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on the road, it is evident that five or ten dollars saved in its con 
struction means a comfortable saving at the end of the road. The 
size is only 12° = 14, yet asmall man or youth can pass through 
it and along the conduit of the road. During the progress of 
construction on many roads it is desirable or necessary that a 
man should pass into the conduit for the purpose of bolting up 
parts or attaching sheave supports, but on this road all can be 
done from outside, even to the attaching of the pulley-frames, 
for neither do these nor other internal devices require any work 
of bolting. Practically, then, the main and only use for these 
manholes is for oil-holes. The manholes and frames are shown 
in Fig. 4, and although they are but made of cast iron, yet they 
are so braced that they give maximum strength. In fact, not 
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one of them has yet been broken by heavily loaded wagons, by 
fire-engines, or road rollers. 

The line of the road in two places crosses deep gullies, in one 
of which the roadbed is some seventy feet above the bottom of 
the ravine. In both of these Cases high wooden bridges have 
heen built. As it was possible for vehicle trailic to come upon 
these bridges, it was decided not to leave the space between rails 
open, and accordingly the problem was presented—to carry the 
slot-rails in the centre and to carry any load which might come 
hetween rails, and to preserve accurately the gauge distances 
between all rails; and, finally, to have the yoke so formed that 
afterward filled with concrete, should the 1 


it might be ‘avine be 


BRIDGE YOKE. 
filled and graded. The yoke devised for this purpose is shown 


in Fig. 5. 


This yoke was given a little more metal through the central 
section in order to resist closure, should heavy loads come upon 
the slot-rails, and in this case it was the more desirable as no 
concrete was here used to bind or to strengthen the yokes. The 
ravines over which these bridges pass will probably be filled and 
graded to the proper street-level later, when these yokes can 
he arranged for the usual track work by attaching a triangular 
racket to each side of the yoke and under the rails, and then 
filling in with concrete in the usual manner. 

Scarcely any street railway-system can be built without 
curves, and these to the cable system are perhaps a necessary 
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LIGHT CABLE ROAD CONSTRUCTION. 
yet an unmitigated nuisance. Costly to a degree which make 
stockholders sigh, they are a source of endless care and anxiety 


to the management; and not content with that, these crooked 
tracks still demand further extravagance by eating the life from 


Fig. 6. 


the cable. Curves are bad enough for the double-track systems, 
but with a single track the difficulties increase. For how shall 
these two cables, each moving in opposite directions, be taken 
around the horizontal curve-pulleys? For neither can both ropes 
be carried on the same sheave—for no wheel revolves in ‘we 
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directions at once—nor can alternate pulleys be used for either 
rope. Practically, there are but two methods for accomplishing 
this feat. The method first made use of was to carry one rope 
at a higher level than the other, and have it pass over curve- 
pulleys above the pulleys carrying the opposite-moving rope. 
This required that the gripman, when having the lower rope, must 
invariably release his rope from the grip, and then let his car 
“float” over the curve either by momentum or gravity. Usu- 
ally these curves were located on a grade in order specially to 
make use of gravity to carry the car around. In these cases. 
when the gripman did not release and drop his rope, the grip, 
from its construction, carried the rope into the wrong pulleys, 
and trouble ensued at once. To add to the difficulties, after 
passing the curve provision must also be made for picking the 
rope up, for grips as usually constructed have not the power to 
vo down after the cable. The other solution of the problem is 
to separate the ropes and to construct the curves as double 
tracks. This was necessary in the road described, as no curve 
was on an incline which could be depended upon to float the car 
over by gravity. As a single-track road requires a_ certain 
uumber of passing places or turnouts, these double-track curves 
were so arranged on the line as to serve this same purpose of 
passing places. Fig. 6 shows in diagram the manner in which 
one of these curve turnouts was arranged. 

This is a right-angle curve, where the turnout is located on 
the inside of the eurve. It will be noticed that the inner curve 
is not included by the same angle as the outer one. This was 
‘aused by the fact that this arrangement would give a short 
piece of straight track between the ends of the inner curve and 
the switches, thus doing away with a number of curve-pulleys 
and their corresponding disadvantages. The turnouts, whether 
arranged as thus indicated for the curves or whether con- 
structed at the side of the straight track, invariably have passing 
through them the moving cable to insure that the car will al- 
ways be able to move in its proper direction. The entrance toa 
turnout on the straight is shown in Fig. 7. This diagram also 
indicates the manner in which the slot is deflected from the 
centre line in order to insure that the grip will not strike the 
curve-pulleys. At no point on the road between termini, except 
at power station, does the grip have to let go the cable. Thus at 
all points, whether on curves, turnouts, or switches, the car can 
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always retain its rope. This releases the gripman from a vast 
amount of responsibility and insures greater safety for the pas- 
senger traffic 


The form of yokes for the curves were designed with many 
differences from the yoke required for the straight, as the curve 
demands features of strength which the other need not possess. 


The form of curve-yoke is shown in Fig. 8. The main outline is 
made in the form of a square, for the purpose of strength, and 
for holding a greater body of concrete than such a depth of yoke 
would if made in the V form. For if concrete in sufficient mass 
has not been put in a curve, the curve has been known to be 
pulled either up or out of shape by the heavy tension of the 
cable. The conduit, it will be noticed, is shallower than the 
straight yoke ; this is due to the fact that each alternate curve- 
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yoke is fitted with a wooden block whose top surface is but a 
short distance from the cable. As this impedes the flow of 
water through the conduit, it was decided to form the channel- 
way for water under the frames for the pulleys, where it might 
have unobstructed flow, and which space of necessity is left 
unfilled with concrete, for the action of the curve-pulley. The 
yokes as thus constructed are strong, and when concreted up 
form a rigid construction capable of withstanding any of the 
strains to which curves may be subjected. The frame which 
carries the pulley is attached between two brackets cast on 
the yoke at 4. The grip is prevented from being drawn against 
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CURVE YOKE. 


Scale, \ 1 foot. 


the pulleys by the grip-guard at 2, against which the erip 
slides in its entire passage about the curve. The grip, pre- 
vious to its entering the curve, is deflected three inches to 
the outer side, by a deflection made in the track-slot to that 
amount. This permits the cable to run directly from the tan- 
gent to the first curve-pulley in its own proper line, while the 
srip by this means is carried to one side enough to clear the 
pulleys, and the strain imposed upon the cable by this bending 
is taken by the grip-guard mentioned. 

The curve-pulleys are carried between each yoke by the 
special frame of wrought iron shown in Fig. 9. These pulleys 
are of cast iron with chilled rims, the width of rim being but 


q 
a 4 
Ve 7 


LIGHT CABLE ROAD comeravorion. 


3) inches. This narrowness of rim is made possible by the faet 


that the rope is lifted but 3 inches by the passage of the grip, 
and, consequently, after the grip has passed the rope falls to its 
mnid-position on the sheave. Even should the rope come highes 
it could not remain above the rim of the sheave, due to the 
presence of the grip-guard. As these sheaves are so small 

width it is deemed cheaper to renew the whole sheave when 
worn than to use a larger pulley with a renewable tire. The 
diameter of the wheel is 22! inches on the pitch circle, thus 
striving to attain what the present best cable practice deems 
most desirable, “as large curve pulleys as possible, and spaced 


CURVE PULLEY. 


Scale, ¥ =1 foot. = 


as closely as yokes permit.” The distance from pulley centre 
to pulley centre is about 3 feet. The details tor keeping the 
journals of these pulleys under a sure condition of good lubri- 
cation will be seen from the drawing. Above each pulley is 
placed in the paving of the street a manhole of sufficient size to 
permit of the removal of the pulley and its frame complete. 


THE GRIP. 

Perhaps the one thing about which the whole design of a cable 
road hinges, from roadway to rolling-stock, from curves to turn- 
outs, is the form of the grip. The grip early decided upon was 
a modification of the “ bottom grip,” now in most general use in 
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San Franciseo—a form which-+has been known as the San Fran- 
cisco grip; but as so many of the grip constructions have ema- 
nated there and liave received the same appellation, it is now no 
longer a designation of any definiteness. Single-track roads 
have heretofore used the grip known as the “side grip.” But 
for its manifest disadvantages, it would have been adopted in 
this new work. Itdoes, however, have one feature recommending 
it to single-track work—the ability to grasp the cable at the side 
—for, necessarily, where two cables are in the same conduit, each 
must be at the side of the centre line. The bad features of the 
grip for this new plant were that it lifts the cable too high from the 
normal position which it occupies on the carrying sheaves, thus 
requiring a deeper conduit; and its general unmanageableness 
when the cable has to be dre ypped and picked up. For in case 
the gripman by carelessness neglects to let go the cable at the 
proper time, the cable must either be torn or the grip demol- 
ished, and there is no escape from the alternative. At certain 
points on the road, as at power stations and turn-tables, the cable 
must plunge down, and for the grip to “hang on” requires that 
something must give way. The “bottom grip” offers the two 
advantages that it lifts the cable but little from its normal posi- 
tion, and that in cases of neglect it can spring open itself before 
doing great damage either to itself or the cable. 

It was found on investigation that these San Francisco bottom 
erips had never been constructed on the side, for the purpose of 
taking the cable, as would be necessary in single-track work ; 
accordingly, the writer designed the form of grip shown in Fig. 
10, which is possibly the first attempt to construct this grip as 
a side and bottom grip. 

Fig. 10 shows the general view, and Fig, 11 a cross-section 
through the grip-jaws. The shank plate 4, below the slot-rail, 
passes through the upper part of the grip-box 2, and carries the 
hinge-piece C. This hinge-piece has hinged to it the two jaws 
/, J; these jaws constitute the vice for gripping the cable. The 
special surface which grasps the cable is an inserted piece, usu- 
ally of cast steel, dovetailed in the inner side of each jaw. The 
softer metals are often employed for this purpose, but, as the 
wear is so rapid and the renewals so frequent, the expense 
counts up to such an item that itis considered as good practice 
to put in hardened jaws and assume the possibility of a trifling 
greater wear upon the cable. The pressure upon the jaws caus- 
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ing them to tighten upon the cable is produced by pulling up- 
ward on the outer side of the jaw a steel roller /, carried in the 
bottom of the grip-box. This grip-box is fastened to the two 
side shanks of the grip, and when the gripman pulls up his lever 


to the position for tightening, this movement causes the two side 
grip shanks to be drawn upward, thus by means of the rollers 
causing the closure of the jaws upon the cable. 


This subject of grips is perhaps one of the most important 
ones in cable road management, and, like many other important 
details, is treated differently by different companies or engincers. 
Each road is found to be using its own device. The relative 
merits and demerits of each have caused considerable discussion, 
and yet offer a fruitful field for engineers to balance practical 
considerations against theorized advantages. Thus, for example, 
may be drawn out the case of the ingenious device of Colonel 
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Paine, on the Brooklyn Bridge, contrasted with the direct rub- 
bing grips of some other cities. 

The rolling-stock for this road presents a few new features, but 
such perhaps as, in detail, would only be interesting to tramway 
men. 

To those of the East it may be well to mention that the cars 
are equipped entirely with trucks, as it is found that a much 
larger and more convenient car can be built than is possible for 
one which is simply to ride on a comparatively inflexible wheel 
base of four wheels. As the wheel base of the trucks is only 
four feet, it is seen that curves of extremely small radii ean 
be turned with ease. The height of car body is no more than 
is usual with the standard Eastern build, yet the trucks are 
given a free angle for swinging and the wheels do not necessi- 
tate ugly covered holes in the. ear floor. This is made possible 
by using smaller wheels than the four-wheeled cars. As neither 
draught considerations nor tractive adhesion need be regarded in 


cable work, wheels, therefore, of smaller diameter are not only 


possible but desirable. 
THE POWER PLANT. Ls 


. The limitations set by the directors were not unusual —a 
power house and equipment to be supplied at mininum cost, 
yet as designed throughout to be not only satisfactory, but, if 
possible, ornate. 

The engines at once contracted for were of the Corliss type, 
one being 18 = 42 and the other 22 x 42. Compound engines 
would have been considered were it not for the fact that the 
expense of the engine plant was already heavy, due to the neces- 
sity for two separate engines, where but one was in use with the 
other in reserve. High-speed engines might have been desira- 
ble for their well known advantages, but in cable work they are 
practically inadmissible, as the reduction in speed must be con- 
siderable, in order to bring the speed down to the comparatively 
slow speed of the cable. Even with the slower-going Corliss, 
in the case before us, the reduction in velocity ratio between 
engine-shaft and cable-winder was as four to one. 

The steam-plant of the power station consists of four steel 
shell boilers, 62” = 15’, arranged in batteries of two. Tubes are 
4° in diameter. The smoke flue is taken over the tops of 
the boilers to the rear wall of the boiler room, and thence to 
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the stack, which is located on a higher level in the car-yard of 


y 


the power house. The boilers are capable of furnishing steam 
at 100 pounds, and not more than two or three boilers are ex- 
pected to be in use at the same time, thus affording a reserve 

for alternation in case of the break-down of any oue of them. 
The disposition of engines is such that either one can be 
coupled to the intermediate transmission shaft. This inter- 

Fig, 1, 
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mediate shaft is shown at 4 in Fig. 12. This figure also shows 
the general skeleton on which all the details of the winding 
machinery have been built. Of the two principal methods of 
driving cable-winding machinery, one by gearing, and thé other 


by belting, the latter has been adopted as being the one nearest 
fulfilling the local requirements. The belting from the engine- 
shaft to the main winding-drum is effected by means of cotton 
ropes. This system of power transmission, although so much 
despised by some engineers, yet for cable work offers decided 
advantages. Foremost of all, it is noiseless, which is more 
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than ean be said of most cable plants furnished with cog-whee! 
gearing, but in justice to later builders of gears it must be said 
that some of the recent large-cast gears are models of quietness 
-and perfection. Cotton-rope transmission also has the om 


greater feature of ease in renewing any part or parts without 


disturbing the action of the remainder. Any rope can be cut 
out, or a fresh one turned in, while the machinery is in motion. 
The foundation plan for the winding machinery is perhaps 
rather new in this class of work. The main foundation consists 
of a mass of concrete, represented by the sectioned portions of 
the drawing. Each end is raised to a height sufficient to 
receive the ends of the iron-work of the frame. This main 
frame of the “winders” is built entirely of heaviest sized sec- 
tions of 12” steel I beams. The use of steel thus for founda- 
tion beams was found not only to conduce to most satisfactory 
— economy, but to a lightness of strueture which would be impos- 
sible With cast iron, and rendered possible a form of design 
which brought all parts of the mechanism to view at a glance 
a feature of no small importance when directors had requested 
~ that all mechanical movements of the power station should, 
i" whenever convenient, be made visible to the public. 

The diameter of the cotton-rope drum on the engine-shaft is 

3. The large driven drum is 25 feet in diameter, thus 
reducing the engine revolutions four times. The shatt 72, on 
which the 25-foot drum is carried, is prolonged at each side 
beyond its bearings, and carries a 12-foot diameter cable sheave 
on one end and a 16-foot diameter cable sheave on the other. 
Midway between the engine-shaft and the large drum shaft is 
placed the shaft C, carrying the cable “idlers.” 

The method of pulling the cables can now be seen. The line 
marked “city cable” is at the right hand of the drawing, an: 
its motion is in the direction indicated by the arrow. This 
cable is drawn up on the cable sheave in its first groove, tli 
cable passes but half a revolution about this sheave, and is car- 
ried off at the top to the idler sheave on shaft (. The centre 
line of the groove in the idler wheel is half the groove pitch be- 
hind the groove in the other sheave, as will be seen in a follow- 
ing drawing. After passing half a revolution around the idler it 

- again passes to the other sheave. This constitutes one wrap, 
_ andon roads performing ordinary service from three to four 
wraps are considered necessary. After the last wrap the calle 
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passes to the tension carriage, and thence is returned to the 
road, The eity cable, it will be noticed, is wound about sheaves 
which are 12 feet in diameter, the speed of the engines being so 
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LIGHT CABLE ROAD CONSTRUCTION, 
proportioned as to give this cable the uniform speed of eight miles 
per hour. The “suburban eable,” on the other side of the foun 
dation, passes to sheaves on the same shafts which are 16 feet in 
diameter. Thus, with the same shaft and engine speed it will be 
observed that a speed of twelve miles per hour is given to the 
cable. As horse-cars average bué six to seven miles per hour, this 
twelve-mile speed is far better rapid transit. 
— - Bome of the details of these large wheels and forms of grooves 
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may not be uninteresting. The method of binding up the large 
—25-foot drum is shown in Fig. 13. This drum is composed of 
ten separate segments and ten spokes bolted together. Recourse 
was again had here to the exercise of economy, and all parts were 
proportioned as lightly as strength and stiffness would warrant. 
A surprising amount of metal was saved without sensible de- 
crease of strength by simply grooving out the backs of the seg- 
ments to correspond to the ridges formed by the rope grooves on 
the front. The form and angle of the cotton-rope grooves will 
be seen on reference to Fig. 14. The form of grooves carrying the 
5 5 5 
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eable, or the grooves on which is thrust the entire work of pulling 
the cable, is represented in Fig. 15. The driving sheave is shown 
with five grooves and the driven sheave with four. This differ- 
ence is necessitated by the driving sheave having the cable touch 
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Beale Size, 

™ it in the last groove before the cable passes to the tension car- 
t- riage. It will also be observed that both driving and driven 
n cable sheaves are provided with larger and deeper grooves for 


carrying two cotton ropes. The driven sheave has here been 
termed an idler, but, properly speaking, it is not an idler, and to 
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relieve it from its reputation of idleness provision has been made 


by means of these grooves and cotton-rope transmission for 
it to do its share of driving effort. Two cotton ropes pass from 
the driving sheave directly to the driven sheave, and, as the 
latter is one-fourth of an inch smaller than the former, it causes 
in the cotton rope a tendency to hurry the driven sheave more 
than it would do if the diameters were equal ; and, as the diam- 
eters of the cable grooves are equal, this tendency then amounts 
toa pull upon the cable, hence the idler is caused to perform a 
certain appreciable work. This ingenious method of utilizing 
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POWER HOUSE 


the idler for work was first introduced in the Los Angeles Cable 
Railroad systems, and was originated by Mr. W. R. Eckart, of 
San Francisco (Member of the Society). 

The tension carriages or the devices for taking the slack from 
the cable may also present some novel features. These tension 
carriages may be classed in three groups. The first and oldest 
form, and the one now considered most unsatisfactory, was an 
arrangement whereby the tension carriage, carrying its own or 
added weight, hung in a loop of the cable, so that its movements 
took place in an inclined plane. The second class of tension 

_ devices consists of the carriage placed in the loop, but travelling 
ona horizontal tramway, the weight, hanging in a pit, being at- 
. Breese to the carriage by cables or chains ; the great disadvantage 
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of both of these systems being that, should the cable suddenly 
give way (which is a rare but still possible occurrence), the weight 
and carriage instantly rush to the end of their respective ways 
to their own demolition. 

The third class of tension carriage consists of a double car- 
riage, one moving upon the other. The upper carriage holds 
the cable sheave. The weight is attached by chain to this car- 
riage, but this chain passes over pulleys on the under carriage. 
The weight is therefore carried by the carriages themselves. 
Usually this weight hangs suspended under the carriage while 
the carriage itself travels along a runway or trestle. In the 
San Diego pattern, which is adapted from the last form, the 
weight hangs within the under carriage ; thus the tension car- 
riageway need only be an ordinary track laid upon the surface 
of the floor or ground. 

The architectural appearance of the power station is seen in the 
general views as shown. Although the building was by no means 
expensive, yet the desire was to have it of such tasteful appear- 
ance as would not render it an eyesore to the residence part of 
the city in which it was located. The archite¢t, Mr. Wm. H. Heb- 
bard, having had valuable experience in designing the architect- 
ural details of the three ornamental and most satisfactory power 
stations of the Los Angeles Cable Railway Company, came to 
this San Diego work with a complete knowledge of what such a 
building demanded, devoted to boilers and engines, to rolling- 
stock and repair shops. Views of this power building are shown 


in the diagrams here given. 


DISCUSSION. 


Prof. Jas. E. Denton.—i would like to know what the grades 
are which this road can handle and is handling? 

Mr. Frank Van Vleck.—In reply to the question of Professor 
Denton, it may be said that cable roads may be operated over 
any grade, even to a vertical, and attention may be called to the 
fact that ordinary passenger elevators are but vertical cable rail- 
ways. The grades on the road in question are but eight per 
cent. on the steepest incline, with a number of short grades of 
but six per cent. 
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CCCCXVIL.* 
CHIMNEY DRAUGHT—FACTS AND THEORIES. 


BY ROBERT H. THURSTON, ITHACA, N. Y. 


(Member of the Society and Past President.) 


Tue theory of chimney draught and the question whether 
there exists a temperature of maximum delivery of gas, as indi- 
cated by the theory of Péclet and Rankine, have been frequently 
discussed, and, so far as the mathematical treatment of the 
Rankine equations is concerned, may be considered as fully set- 
tled. It has seemed to the writer that it may be a good time to 
import a few facts, and to ascertain by direct experiment to what 
extent the purely mathematical treatment accords with such facts ; 
whether the premises on which it is based are those of practice, 
and whether the conclusion reached has any value in the prac- 
tical work of the designing and constructing engineer. He 
therefore planned an investigation which seemed to him likely 
to give a correct solution of the problem from the standpoint of 
the engineer, and to settle at least the question whether, in ordi- 
nary practice, there exists a temperature of maximum delivery 
within the range customarily observed in temperatures of chim- 
neys as attached to the steam-boiler. This investigation was 
made during the spring of 1890, and the following is an account 
of it and its results. The work was done and all observations 
made by Messrs. W.S. Monroe and E. C. Fisher, who are to be 
credited with many ingenious devices eliminating obstacles or 
directly contributing to the attainment of the simple results 
sought, and to whom the writer is under great obligations. 

The stack employed was 20 inches in diameter and 32 feet in 
height, circular in section, composed of a single thickness of 
boiler plate, lined throughout with fire-brick. According to the 
usual computations, it should be sufficient to produce a draught 
of about 0.3 inch of water and a rate of combustion of not far 
from twelve pounds of good anthracite coal on the square foot 
of a grate eight times its own area, each hour. A grate was con- 


* Presented at the Richmond Meeting of the American Society of Mechanical 7 


Engineers (1890), and forming part of Volume XII. of the Transactions, 
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structed especially for this work, however, and, to eliminate al] 
uncertainty as to resistances, was built so as to be placed direct] 


at the foot of the stack and to be removable at pleasure. The 
instruments employed were standardized Bulkley pyrometers in 
the stack, an accurate anemometer to measure the rate of flow 
of the air into the fire, and a very finely divided water-pressure 
gauge, made for the writer by the Hartford Steam Boiler Insur- 
ance Co. These instruments were standardized before and after 
use. For exceptionally high temperatures a Pouillet pyrometer 
was employed. 

Preliminary tests were made to discover any conditions which 
might lead to uncertainty or embarrassment; and the work was 
only begun formally when it was found practicable to eliminate 
such obstacles to suecess. Heavy fires of coke were first used, 
the purpose being to secure, if possible, a uniform and manage- 
able variation of chimney temperatures. It was found that 
lighter fires and the best of coke were requisite. It was found 
impracticable to keep uniform resistances of fuel-bed by attempt- 
ing to fire regularly, as a very slight variation in the condition 


of the fire made an enormous difference in the resistance to flow 


of the gases passing through it and the stack. It was as diffi- 
cult to secure perfect uniformity of thickness of a burning fire 
as of condition of the fire itself. It was finally discovered that 
the best method of securing uniform resistance was to allow a 
heavy fire to burn completely out, leaving a bed of ash, which 
remains unchanged, substantially, throughout the period of tem: 
perature and air measurement, and gives invariable resistance 
during that time. The temperatures of the stack ran down 
rather rapidly at first, then more slowly after the fire had burned 
out, and always so steadily and smoothly that it was practicable 
to secure perfectly satisfactory measurements. In some in- 
stances, however, another system was tried: The fire was entirely 
removed and the resistance was adjusted and kept constant by 
applying a closed box at the base of the stack, openings in which 
permitted the desired quantity of air to draw through, the only 
variable being then, as required, the falling temperature of the 
stack. Where the fire was used, or the ash-bed employed, the 
condition of the grate could be examined by an opening in 
the side of the stack. 

During each test five-minute runs were made with the ane- 
mometer while taking the temperature and water-pressure read- 
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ings, and observations were made at frequent intervals. Ordi- 
narily the temperature in the stack fell rapidly to 500 Fahr., 
and then it required a number of hours to bring it down to 100°. 
The data thus secured are tabulated and are given in the ap- 
pendix to this paper. Their study will probably settle any ques- 
tion which may arise relating to the subject thus investigated. 
Some discrepancies will be discovered, due to error in judgment 
as to the time of expiration of the fire, but none which can affect 
the general conclusions or the value of the data for the purposes 
of the engineer. The best method of examination, however, as 
in all such work, is that in which graphical representation is 
made of the data, and the curves thus produced are studied to 
ascertain the law of variation of the variable quantities. Such 
curves are reproduced in the accompanying plate (Fig. 20). 
Examining the plate, it is seen that the curves of pressure 
differences and of delivery of gas range up to maxima in some 
cases, and to temperatures, above those of the maxima, from 
800° to 1,100° Fahr. All represent work done in the manner 
above described, the same process being followed in all, except 
in the second, fifth, and sixth trials. In the second and sixth it 
was attempted to secure a constant resistance with “dumped” 
tires, the resistance being maintained by the use of a closed box 
at the base of the stack. The only defect of these records is the 
low temperatures which were naturally obtained. The fifth test 
was made especially to reach high temperatures ; but it was less 
successful than had been hoped, though the pyrometer reached 
a maximum of 2,200° Fahr., and maximum delivery at 1,150. 
The first of these graphically recorded facts to attract atten- 
tion is that of the Rankine curves (1), falling between the two 
groups which exhibit, the one the pressure differences, the other 
the volumes and weights of air, as measured by the anemometer. 
A second interesting fact is the variation of the temperature of 
maximum delivery, not only as between Rankine and actual, but 
among the various sets of’ data illustrated by the several curves 
derived by experiment. The lowest pressure curve (5), obtained 
by the purely artificial resistance of a throttled ingress of air, 
ives the highest temperature figures but the lowest delivery, 
and a maximum which, instead of being found at the same point 
as that of Rankine, or with any other case taken, is evidently 
far outside them all. Here a low delivery is given by high tem- 
peratures and low pressure differences. The obvious explana- 
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tion is that the friction and inertia resistances were low. In 
(2) and (3) the pressure differences are substantially the same, 
but the delivery very much greater in the former, which has no 
maximum within the range attained, while the latter passes a 
well-defined maximum at about 700°. There is a general resem- 
blance between both sets of curves, as obtained by experiment, 
and the corresponding curves deduced from Rankine ; but the 


differences among themselves and between the mean of either 


groupand the typical Rankine curve would indicate that the max- 
imum indicated by the analysis, as ordinarily given, is a variable 
quantity and dependent upon the variable conditions of draught 
and combustion. The curves here given are curves of volumes 
of air passed through the fire; but the division of these vol- 
umes by the density of the gas, as determined by temperature, 
will give the weights discharged, and, if desired, curves of 
weights may be thus obtained of a similar nature. 

The essential facts are here given, however, quite as well. 
These are: (1) That the resistances and pressure differences in 


the chimney are lower than those computed from the tempera- 
ture variations by the usual method; (2) that the delivery is 


greater, with a given resistance, than is thus computed ; (3) that 
the temperature of maximum delivery is a variable quantity ; 
(4) that the chimney-temperature of maximum delivery is far 
above that ordinarily taken as that of good practice in the oper- 
ation of the steam-boiler. 

These facts are evident at a glance from the forms of the curves 
and their location relatively to one another, and to the Rankine 
delivery curve. The reasons of these facts, and of the dis- 
crepancy between the deductions from analysis, as commonly 
made, and the actual operation of the boiler and chimney, are 
not difficult of determination. It is at least here seen that the 
interpretation of the algebraic expressions of accepted theory 
require modification. In general, it would seem that the delivery 
of any given chimney under stated conditions of temperature and 
resistance is probably greater than would be computed, using 
the formulas of Péclet and Rankine, those expressions being 
thus found to be in error on the right side, so far as these ex- 
periments give fair basis for judgment. Within the usual range 
of temperatures of chimney in steam-boiler practice, the excess 
would seem to be from 257 to 50¢, being largest at the highest 
temperatures of flue. The maximum delivery takes place ap- 
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yarently, in cases of which these tests may be taken as fairly 
representative, at higher temperatures than are given by the 
theory. In case 2 the stack was left entirely open and free ; but 
the maximum is not reached at the highest point, notwithstand- 
ing the fact that here the resistance was purely chimney friction 
The same is true of curves 4 and 7; and it seems only approxi- 
mated in cases 3 and 5 and 6 at somewhere about 700 in the 
lowest instances, and beyond 1,100° Fahr. in No. 5, the highest. 
In No. 7 the maximum had not even been brought into sight at 
au temperature of S00 ; but, as in case 2, the curve was still 
rising steadily at the last observations, and its outline, so far as 
traced, would appear to indicate a maximum far beyond the red 
heat. No. 3 is the only curve of the whole collection which fol- 
lows very closely the general shape of the Rankine curve and 
attains its maximum, clearly and definitely, well within the range 
of temperature obtained ; and even this gives that maximum far 
above that of the Rankine curve, at above 700 instead of be- 
low 600°. These differences are probably due to the compar- 


atively large resistance due to friction of flues in the cases on 
which that analysis and its constants are based in large part if 


not wholly. 

The formula is, however, obviously inaccurate in form. The 
head is assumed to be proportional to the square of the 
velocity of the gases in the chimney-shaft; and it is further as- 
sumed that the resistances in the chimney due to friction, that 
due the inertia of the mass of air set in motion, and that due to 
the resistances at the grate and in the boiler, are all similarly 
variable. This would seem to be an entirely false set of as- 
sumptions. It seems to the writer certain that the rates of flow 
of the gases in the chimney, in cases of heavy fires and large 
grate resistance, are so slow, afd the resistances within the bed 
of fuel so great, with respect the one to the other, that the rates 
of flow must be dependent practically upon the pressure-head 
and to but an insignificant extent upon the friction in the chim. 
ney-shaft. In such cases, it is evident that the rate of introduc- 
tion of air must be simply proportional, or nearly so, to the 
square-root of the head, or of the temperature-differences, and 
that no maximum delivery temperature can exist. Where the 
temperature similarly varies in a shaft in which the resistance 
of the chimney friction is, if such a case be possible, the main 
source of obstruction to flow, it can be seen, from the method of 
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analysis pursued by Rankine, that it may happen that the 
density may diminish, at high velocities, so much more rapidly 
than the rate of flow can increase that the maximum may ap- 
pear. In such cases it will evidently be found, at least approxi- 
mately, where Rankine places it. 

In the formula of Rankine the coefficient (’, taken as a meas- 
ure of the fuel-bed resistance and assumed to be a constant, 
is probably a variable of wide range of value. It is obvious 
that in the series of experiments here recorded its value was 
never very nearly that obtained in the work of Péclet, whose 
yrate resistances were probably much larger than any of these 
here given. To what extent this is true may be ascertained, 
where such resistances have been measured, by comparing the 
water pressure with those here recorded. Until the character 
and magnitudes of this method of resistance have been ascer- 
tained, no exact analysis is possible. Meantime, the well-known 
results of the experiments of Clark and Isherwood and nu- 
merous later investigators have given the designing engineer 


enough of fact and sufficient variety of condition to enable him 

to proportion his chimneys and stacks satisfactorily. He has 

_never used the theoretical method and evidently is not likely to 

—doso. His methods are empirical, and must remain so for the 

present, pre ybably. 

It needs no experiment to show that it is impossible that 
there should exist, in ordinary steam-boiler practice, a definite 
and constant temperature of maximum weight-delivery of gases 
from any chimney, such as has been inferred from the mathe- 
matical treatment here referred to. The simple fact that it is 
well known that in hundreds of cases—in thousands, probably— 
temperatures exceeding that stated temperature of maximum 
draught have been observed with “natural” draught. Since the 

temperature of chimney in any boiler plant is a direct function 

of the quantity of coal burned on the grate; sine the quan- 
tity so burned depends, in turn, on the draught; and since maxi- 
mum temperature and maximum draught and maximum combus- 
tion all find a common maximum synchronously, it is obvious 
that, were the proposition attributed to Péclet and Rankine cor- 
rect, no chimney operating by natural draught could ever ex- 
hibit a higher temperature than that of this maximum--600° 

Fahr., approximately. Passing this figure, the delivery would 

decrease ; the quantity of air supplied the fire would be reduced ; 
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the diminished draught would give cooler gases; and the tem- 
perature of chimney would at once fall to some lower point ; 600 
Fahr. being thus the highest attainable temperature with 
natural draught. The discovery of any one case in which the 
boiler chimney is delivering gas at a higher temperature is thus 
sufficient to prove the fallacy of the proposition. 

The error follows so naturally, however, from the analysis 
ordinarily accepted that it is less remarkable that authors have 
accepted it and trusted to further investigation to reconcile this 
apparent conflict of deduction. It appears first in Peclet, but it 
was dropped out of the last edition, published after his death, 
and has only held its place, probably, on the authority of that 
greatest of engineer-authors, Rankine, who adopted it in his 
work substantially as first asserted by Péclet. 

The first direct experiments of which the writer is aware, 
proving the fallacy of this proposition of a definite temperature 
of maximum delivery of gas, were those of Engineer-in-Chie‘ 
B. F. Isherwood, U.S.N., mide at the Brooklyn Navy Yard in 
1866, and published in a report to the Navy Department “ On 
Experiments with the Horizontal Fire-tube and the Vertical 
Water-tube Boilers.” The boiler used for these special experi- 
ments was a Martin water-tube boiler of the type then common 
in the naval service, and which, as the writer learned by ex- 
tended experience, gave most excellent results economically, but 
were somewhat troublesome when the tubes began to give way : 
and they have, partly for the latter reason, now largely gone 
out of use. The tube-box of this boiler contained 34 rows of 
vertical tubes, set lengthwise in the box. These rows of tubes 
were cut out, progressively, in such manner as to permit a 
more and more rapid draught, until only 13 were left and the 
experiment terminated. The following is a tabulated exhibit of 
the results : 

INTENSITY OF DRAUGHT AND OF COMBUSTION aaa 


No. rows of tubes in use | 31 | 2 25 


Lbs. water ‘from and at 212°,”per 
lb. combustible” part of fuel] 12.55 | 12.63 12.05 | 11.77 | 11.69 11.20 |10.69 
Temperature, chimney, Fahr,...| 416° | 480° 491 | 600° 700° 700° | 770° 
| 
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The figures above 600° are approximate, and sufficiently accu. 
rate for present purposes. The fires were kept about 9 inches 
thick, and the fuel was ordinary anthracite, such as was cus- 
tomarily used in marine boilers. The volume of air was about 
double the theoretical minimum required for perfect combus- 
tion. 

It is obvious from the above that more air must have been 
sent up the chimney at 700 and 770° than at 600° Fahr., 
since more coal was burned by 10%. The temperature of 
furnace being taken at a common figure for such cases, as deter 
mined by frequent measurements in Mr. Isherwood’s many 
experiments, at 1,800 Fahr., the loss at the chimney, com- 
paring, for example, the last experiments with the first, is 
nearly proportional to the reported diminution of evaporative 
efficiency, showing the combustion to be substantially as good 
at one rate as at another. 


The conditions involved are so numerous and so variable in 
practice that the writer seriously doubts if any analysis can 
be made which will be sufficiently simple and convenient, or so 
accurate, as to come into general use in the solution of this 
problem. The facts above presented are given as merely an 
initial step in this research, and only repeated experiments, 
under all the representative conditions of common practice, can 
finally determine just how far algebraic treatment can be made 
useful in representing the law and the facts. Meantime, the 
following seems to the writer a more satisfactory and probably 
more nearly exact treatment than that which has hitherto been 
accepted : 

The working conditions affecting draught in chimneys are 
obviously something like the following: Assume an ordinary 
boiler and furnace, having, we will say, 20 square feet of grate 
surface, 600 square feet of heating surface, a chimney 60 feet 
high, with a flue of 3 square feet area and set close to the boiler. 
The eross section of flues, the “ calorimeter,” as it is sometimes 
though incorrectly called, may be taken as 4 square feet; the 
tubes being 15 feet long, and the boiler an- ordinary “ eylindri- 
cal tubular,” set in the usual manner, the gases going back from 
the furnace to the rear, thence through the tubes to the front, 
and then up chimney. Anthracite coal, “nut” size, is burned 
at the rate of 12 lbs. per square foot of grate per hour, evaporat- 
ing a total of 2,160 Ibs. of water into dry steam each hour, and 
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thus rating the boiler at 72 H-.P.,on the usual conventional 
basis. 

The process of draught is essentially this : Air to the amount 
of about 18 Ibs. per pound of fuel burned, or 4,320 Ibs. per hour as 
a total, enters the ash pit and passes through the fuel. In trav- 
ersing the 6 inches thickness of the coal on the grate its tem- 
perature is raised from that of the external air to 2,500° Fahr., 
and its volume increased 6 times nearly, or to about 1,400 cubic 
feet per pound of fuel, from a total volume per hour of 57,600 
cubic feet.to about 346,000. This immense mass of air drifts 
through the boiler flues and tubes and up the chimney, its 
temperature gradually falling, in decreasing progression, within 
the boiler to about 500’, which temperature it substantially re- 
tains as it passes through the chimney and intothe atmosphere. 
In passing through the fuel-bed its temperature is raised in 
proportion to the increase of its volume, and while within the 
porous mass of coal. This sudden expansion, occurring, as it 
does, within a distance of 6 inches and less than half a second. 
means the acceleration of its velocity from about 1 foot below to 
about 6 feet per second above the grate, or at the rate of 10 
feet per second, multiplied by the ratio of reduction of section 
of current in the mass of fuel, the maximum being, perhaps, 
many times greater. The resistance to this rapid acceleration, 
added to the frictional resistances of the enormous extent of air- 
passages in the mass of fuel, and of the flue and tubes and chim- 
ney, constitutes the total resistance to be overcome by the dif- 
ference of head of the hot gas and the external air, reckoned 
from the grate level to the chimney top. The cooling of the 
gases in the boiler reduces the volume flowing at the chimney 
to about 100,000 cubic feet per hour, and its rate of flow is thus 
made, finally, only about 9 feet per second. The energy of ac- 
celeration is thus largely regained, but the loss due to this aecel- 
eration, by friction within the fire, is not compensated as a re- 
sistance ; though it has been utilized, in a certain sense, by its 
production of equivalent heat, and resulting elevation of temper- 
ature of fire and of gaseous products of combustion. 

Of all the resistances to flow, to overcome which a chimney- 
draught is required, that of the fuel-bed is obviously enor- 
mously the greatest. Anthracite coal on the grate weighs about 
55 lbs. to the cubic foot; but its specific gravity is about 1.5, or 
90 Ibs. per cubic foot. It thus contains not far from 40% of its 


5 
a 
: 


ae CHIMNEY DRAUGHT—FACTS AND THEORIES. 


own volume in air-spaces and air-passages, mainly in closed and 


nearly enclosed spaces. The passages are narrow, tortuous, and 
of comparatively small total section. Whatmay be taken as the 
mean value for this reduced section is not ascertained ; but ex- 
periment shows that the “ head of water ” corresponding to the 
case in hand, and measuring the resistance to flow through the 
fuel-bed, is not far from 0.3 inch, or equivalent, in this case, to 
a head of about £0 feet of cold air at the temperature of en- 
trance, 60° Fahr., or 40 feet, approximately, of hot air in the 
chimney. The frictional resistance of the chimney is not fi 


from 


ir 


yw 


! being the length of flue from boiler to chimney-top, m the 
mean hydraulic depth, and / = 0.012, a constant coefficient. 
This gives for the head measured in the cold air less than 1.5 
feet, or 3 feet in the chimney, and about one-fourteenth the re- 
sistance at the grate. The loss of head in the boiler-flues, sim- 
ilarly computed, is considerably less than the loss in the chim- 
ney. Of the total resistance, therefore, the main portion is at 
the grate and in the fuel-bed. 

It is now obvious that the principal resistance being at the 
fuel on the grate, the rate of flow of the gas through the appara- 
tus and up the chimney wil be determined mainly by the rate 
at which air may be driven through that mass. The velocity in 
the chimney will be proportional to a function, not of the head 
due the temperature-differences in the chimney and outer air, 
but nearly a direct function of the rate of flow of air into and 
through the furnace as produced by that head. It could only 
be at exceptionally high velocities of flow inthe chimney-flue that 
its resistance there could become the controlling element in de- 
termining the total flow; and such relative velocities could not 
be obtained by natural draught, ordinarily, but must be found, 
if at all, in eases of forced and extraordinarily heavy draught, 
or of very thin or very badly worked fires. The experiments of 
Clark and of Isherwood, and many others, show the rate of com- 
bustion to be substantially a direct function of the head, varying 
with variation of height of chimney ; for example, as the square 
root of that height. It is readily seen that, this being the fact, 
the heads being produced, at constant height of chimney, by 
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variation of temperature-differences, the quantity of air supplied 
and of fuel burned will be similarly a direct function of head, 
and without an algebraic maximum. But when the velocities in 
the fire and in the flues are directly proportioned, or when the 
friction of chimney-flue becomes the controlling quantity, as 
assumed in the hitherto accepted analysis, a maximum must 
oeceur ; and our records and curves of results show that we have 
ut times (Nos. 3 and 5) probably approximated to that con- 
dition.* 
To obtain a satisfactory and probably substantially correct 
expression for the heads producing chimney-draught, in any 
usual case, we need only reconstruct the Péclet theory in the 
following manner: 

The total resistance is the sum of that due the acceleration of 
the air flowing from the chimney-top, the friction in the chim- 
ney-flue, the resistance in the fuel-bed, and those in the boiler 
and ash pit. It may be measured either in head of cold air or 
of hot gases in the chimney-flue ; the one is equal to the product 
of the other into the ratio of temperatures. We will adopt the 
usual method and measure it in head of hot gas. 

 _ Péclet and later writers take this head as equal to 


m 


i 


in which ~ is the velocity of flow through the chimney; @ meas- 
ures the resistance at the grate ; / is the coefficient of friction of 
gas flowing over flue surfaces ; / is the length of flue traversed ; 
mis the “ hydraulic mean depth” of flues; // is the height of 
chimney ; and ¢, and ¢, are the absolute temperatures of chimney- 
flue and of external air.t 

Of these several terms in the first member of the equation, 
the first is the resistance due to acceleration ; the second and third 
the friction resistances in furnace and flue. The first and last 
are obviously direct functions of the same quantity, v. Their 


* This is by no means certain, however, as it is not improbable that the appar- 
ent maximum in Nos. 3 and 5 may be due, in part, if not wholly, to a decreasing 
resistance at the grate, caused by an undetected consumption of fuel supposed 
to have been completely burned before the record was begun. The fact that, in 
No. 2, in which the grate was removed and the stack left open, all resistances be- 
ing those of chimney-friction, no maximum was found, is particularly significant. 


Rankine, Steam Engine, 1809, 
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values are expressed with sufficient accuracy for our present 
purposes by the usual measures, / = 0.012 being the coeflicient 


of frietion found by Péclet. For square or circular flues m is 


one-fourth the diameter, or the side. The second term is, how- 


ever, not so evidently a constant factor of energy of gas-flow in 


the chimney. It is easy to see that it is probably variable in 


all cases, and that its value varies approximately inversely as the 


absolute temperature of chimney. 


In all cases of good practice the air entering the fire is raised 


to the same maximum temperature, whatever its volume or 


weight. Practically complete combustion can be secured at any 
usual rate of chimney-draught. This being the case, the maxi- 
mum temperature of the fire is substantially the same for all 
ordinary good practice, and its variation is dependent not upon 
the chimney temperature, but onthe proportion of air admitted 
to dilute the products of combustion. Assuming that the cases 
considered thus represent good practice, or the same quality of 
practice in this respect, the movement of the air through the fuel-bed 
and qrate is effected at te mperatiire absolutely independent of the 
chimney temperatures, and, in the assumed cases, constant. The 
resistance at the grate is proportional to the mean square of 
the actually oceurring velocities at the thus fixed invariable 

ti 


«is a constant easily determinable for any given case, and usu- 


temperatures, and the value of G thus becomes ; in which 


ally not far from 2; / is the absolute temperature representing 
the mean within the fire, which temperature is usually, in com- 
mon practice, probably not far from 2,000° on the absolute Fahr- 
enheit seale, or, approximately, 1,500° on the common scale, and | 
sensibly constant. 

The weight of air discharged from the system is measured, 
at any point in its path, by the product of its velocity and 
density. Since « is the velocity of discharge at the chimney- 
top, and as /, is taken as its temperature at that point, the weight 


1 
discharged must be proportional to u > ; thence . 
} } t, 


L. 
in which, if G be taken as constant, a maximum is found when ‘= 
7 
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nearly. If in any case, also, the value of may be 
neglected beside those of the two other terms, the same result 
follows. In the actual case the value of ( is variable, and the 
maximum may be found, but at higher temperature than has 
been previously supposed. Itis obvious that where the fric- 
tional resistance in the flue is small, as when the flue section is 
comparatively large, or the velocity of upward flow is small, the 
maximum is found ata high temperature. The same is true 
when the resistance of the fuel is large, as when the thickness 
of the fire is great or the fuel is exceptionally fine or of mixed 
sizes, while the opposite conditions of rapid flow in the stack, 
or of very thin fires, produce a maximum efficiency of draught 
at temperatures more nearly approaching that given by the com- 
monly aecepted analysis. 

It is thus seen that, if we may adopt the theory here sug- 
gested in modification of Péclet and Rankine, both the facts of 
experiment and the deductions of our theory confirm the proposi- 
tion that the maximum draught, in the sense in which the term 
is here used, ordinarily, if not invariably, occurs at a tempera- 
ture far above that found in good steam-boiler practice, and 
above that previously supposed ; that maximum rising as the 
resistance at the grate increases and as the resistance in the 
stack decreases. It is probably rarely found at temperatures 
less than 700° or 800°, or very probably 1,000° Fahr. (535° C.) 

In the example above taken it has been seen that the resist- 
ance at the grate is above 90% of the total. In a series of exam- 
ples reported by Clark this difference is often shown to be enor- 
mously in excess of this proportion.* In examples of what may 
be taken to be common and good practice the rate of flow in the 
flue is found to be from one-half to one-seventeenth the aeceler 
ation due the head, which means that the resistances in the 
boiler approached three-fourths the total, as a minimum, and 
attained above 99° in some cases. The usual proportion seems 
to be about one-eighth the rate of acceleration, or over 98¢ of 
total resistance at the boiler. The proportion of the resistance 
at the fuel-bed to the total is a trifle lower, and it may be state: 
without much doubt that the resistances in ordinary steam-boiler 
practice are principally—probably at least 95 —at the grate ; 
that this determines the rates of flow; and that no maximum 


draught is likely to be approached at any temperatures occur- 


* Steam Engine, vol. i.chap. xxxiv. 
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ring in the chimney, the actual maxima falling more commonly 
at points on the scale between 800° and 2,000) Fahvr. 

An incidental, but none the less interesting and important, 
outcome of this investigation is obtained from a comparison of 
the pressure curves for the several cases given. It is seen that 
they vary with the quantity of air passing through the stack, 
and that we have an independent curve for each run, correspond- 
ing toeach delivery curve. The pressures depend, therefore, 
on other than temperature-differences ; otherwise, were they 
dependent, as Rankine assumes, on those differences alone, we 
should have but one curve for the whole series, and that identi- 
eal with the Rankine curve, which is shown as deduced for the 
stack here employed. The Rankine curve is higher than the 
actual curves by a quantity which is substantially the measure 
of the chimney-friction. 

While the facts here revealed as derived from direct appeal 
to nature in this matter may aid us in our endeavor to learfi the 
true philosophy of the phenomena of chimney-draught, the 
writer would hardly venture to claim that they will prove a bet- 
ter guide in the design of chimneys than that experience which 
is now so ample in this field of engineering work. As he has else- 
where stated, current successful practice must be the ultimate 
and unquestionable guide in all standard and usual practice ;* 
but where exceptional conditions must be met, where no pre- 
cedent exists, the construction of an exact theory becomes im- 
portant. 


* Manual of Steam Boilers. New York : J. Wiley & Sons. Revised edition, 1890. 
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APPENDIX. 
Loa or Test Trrats.—Data. 
A. 


Monbay, April 21, 1890 
ist Run: Time, 10.30-10.35. Anemometer, 89351 


80856 


8495 
Cubic feet of air per minute, 126.5. 
TEMPERATURE. PRESSURE. 

Stack. Room. 

940 

955 

960 

965 
965 
Cogrected, 


101 250 Difference. | 
1101 — 68 1008 


a. 
2d Run: Time, 10.40-10.454. Anemometer, 80856 


For 5} min. TR68 
oak Cubic feet of air per minute, 112.11. 
TEMPERATURE. PRESSURE 
Stack. Room. Left. 
1.410 
990 
990 
YSO 
970 


982 


Corrected, a .258 Difference. 
1131 
1131— 68 = 1063". 


38d Run: Time, 10.51-10.56. Anemometer, 72984 
65743 
4 para 
Cubic feet of air per minute, 108.55. 
TEMPERATURE. PRESSURE. 
Room. Left 
68 1.401 
1.410 
1.410 
1.407 
1.160 


.247 Difference. 


965 — 68 = &97o, 


J 


CHIMNEY DRAUGHT—-FACTS AND THEORIES. 
<a 


7 4th Run: Time, 10.57-11.02. Anemometer, 65743 
6 


129 
6614 
Cubic feet of air per minute, 105.32. 


TEMPERATURE. PRESSURE 
Stack. Room Left. 
5 69 


69 


.250 Difference. 


984— 69 = 865 


Sth Run: Time, 1F.05-11.10. Anemometer, 59129 


Cubic feet of air per minute, 131.41. 


TEMPERATURE. j PRES#URE. 
Stack Room. 
760 69 
750 
740 —- 
720 1.4005 
710 1.163 


736 .2465 Difference. 
Corrected, 


853 — 69 784’. 


6th Run: Time, Anemometer, 950280 
940758 

rn Cubic feet of air per minute, 139.73. 


TEMPERATURE, PRESSURE 
Stack. Room Left. Right 


74 


‘orrected, .254 Difference. 


4 860 — 74 = 786°. 


7th Run: Time, 12.09-12.14. _ Anemometer, 940758 


931022 


«9736 
Cubic feet of air per minute, 144.21. 


1.160 4 
1.164 
805 3 . 162 
808 
Corrected, 
| 
+ 
J 4 
#8 
74 
240 1.4146 4.161 
y 


CHIMNEY DRAUGHT —FACTS AND THEORIES. 


TEMPERATURE, PRESSURE. 


Stack. 
680 


a 


Corrected, . 237 Difference. 
763 


763 — 73 = 690°. 


Sth Run: Time, 12.17-12. Anemometer, 931022 
921146 


9876 
Cubie feet of air per minute, 146.28. 


TEMPERATURE. PRESSURE. 
Right. 
1.167 
1.190 


7 1.179 


228 Difference. 


~ 


596 
Correcte 
693 
— 78 = 621". 


9th Run: Time, 12.32-12.37. , Anemometer, 921146 
911710 


9436 


PRESSURE 
Left. 
1.400 
1.395 
1.397 
1.390 


Corrected, 
575 


SECOND TEST. 


Ist Run: Time, 3.12-3.17. : Anemometer, 911710 
900467 
a, 


11243 


660 73.5 1.415 
650 q 1.410 
645 
635 ~ 1.410 ry 
1.178 
| 
= 
Stack 
610 = 
590 72 ' 
575 1.407 
— 
= Cubic feet of air per minute, 139.95 
TEMPERATURE. 
Stack. ‘ Room. Right. 
495 > 72 1.192 
490 72 1.190 
1.192 
I 
"203 Difference. 
| 
‘ 


> 
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TEMPERATURE. PRESSURE 
Stack. Room. Left Right. 
730 76 1.452 1.208 


715 76 1.212 


76 


680 1.448 RR 210 
— 1.210 
703 

Corrected, 238 Difference. 
815 


815 — 76 = 739°. 
2d Run : Time, 3.21-3. 26. ei Anemometer, 900467 
888621 


4 
10846 
Cubie feet of air per minute, 160.1, 


TEMPERATURE PRESSURE 
Stack. Room Left. Right 
62500 77 1.438 —— 1.220 
615 78 1.440 1.216 
610 78 1.443 
602 — 1.432 1.225 
78 
1.437 1.218 
611 1.218 
Corrected, - 
710 .215 Difference. wo. 
7 710 — 78 = 632 
3d Run: Time, 3.31-3.36 Anemometer, 889618 
879156 
10462 
_ Cubic feet of air per minute, 154.61. 
TEMPERATURE. PRESSURE 
Stack Right 
565 1.228 
55 1.226 
550 1.232 
545 a 
540 1.229 
552 
Corrected, 
643 


4th Run: Time, 4.05-4.10. Anemometer, 879150 
869889 


— 9260 
™m™ Cubic feet of air per minute, 137.42 
TEMPERATURE. PRESSURE 
Room 
74 
72 1 2 0 


Corrected, .174 Difference. 


i 
| 
—— 
| 
511 — 73 = 438°. 
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Oth Run: Time, 4.25-4.30. Anemometer, 869853 
860816 
9083 
7 : Cubic feet of air per minute, 134.24. 


TEMPERATURE PRESSURE 
Stack Room 
400 75 


397 
395 
3889 
398 ; 
Corrected 
.158 Difference. 


wo — 7% = 394 


6th Run; Time, 5.04)-5.094. Anemometer, 860816 
852449 


8369 
Cubic feet of air per minute, 124.69 


TEMPERATURE 
Stack 
335 
335 
333 
332 
330 


PRESSURE 
Right 


333 
Corrected, 


.132 Difference. 
395 
395 — 70 = 325°. 


7th Run; Time, 5.19}-5.24}. a Anemometer, 852449 


844560 
Cubic feet of air per minute, 117.81. 


TEMPERATI RE PRESSURE. 


5 1.399 
1.275 


124 Difference 
333 


8th Run: Time, 7.1 . Anemometer, 844560 
TOO 


6860 
Cubic feet of air per minute, 103.1. 


1.260 
1.258 
1.253 
1.255 
7 00 1.270 
70 1.400 1.272 
1.407 4.267 
70 
1.402 1.270 
| 1.270 
t 
275 76 1.400 1.275 
1.275 
> 


CHIMNEY DRAUGHT—FACTS AND THEORIES. _ 


TEMPERATURE. 
k. 


PRESSURE. 
Room, Left. 


Right. 
1395 1.295 
1.295 


.100 Difference, 
Corrected, 
244 


244 — 66 = 178°. 


7 
9th Run: Ti ime, 8.00-8.05, “Anemome ster, 837700: 
835225 
Cubic feet of air per minute, 40.4. 


TEMPERATURE. PRESSURE. 
Stack. [Ther.] Room, Left. Right. 
82 58 1.480 1.365 
1.365 


.115 Difference. 
 82—58 = 24°. 


THIRD TEST 


April 22, 1890. 
1st Run: Time, 1.14}-1.194, 


Anemometer, 0099400 


PRESSURE 


we Cubic feet of air per minute, 121.37. 
TEMPERATURE. 


Corrected, 
1108 


.254 Difference. 
1108 — 72 = 1036 


82963 


2d Run: Time, 1.21-1 


Cubic feet of air per minute, 123.7. 
TEMPERATURE. 


PRESSURE. 
Room. Left. 
72 


1.498 

1.500 
1.495 

1.498 

1.244 


Corrected, 


rook .254 Difference. 
2— 72 980°. 


4a 
q 
8137 
Right. 
1.244 
975 1.495 1.247 
72 a. 1500 843 
1.498 1 244 
1.2440 
8300 
° 46 
4 
925 
1.24; 
915 1.244 
900 
9 — 


i 
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8d Run: Time, 1.30}-1.35}. Anemometer, 82964 
73900 


9064 
Cubic feet of air per minute, 154.61. 
TEMPERATURE. PRESSURE. 
Stach. Room, Left. Right. 
850 74 1.405 247 
830 76 1.403 1.250 


820) 1.490 
810 1.493 1.2 


1.250 
826 
Corrected, .243 Difference. | 
954 
954 — 76 = 878. = 
| shame, 

4th Run: Time, 1.40-1.45. Anemometer, 73900 

64190 


9710 
Cubic feet of air per minute, 143.57. 


TEMPERATURE. PRESSURE. 


1.256 


Corrected, Difference. 


836 
_ 836 — 75 = 761°. 
5th Run: Time, 1.50-1.55. ; Anemometer, 64190 
Pr 
9481 
a Cubic feet of air per minute, 140.6. 


TEMPERATURE. PRESSURE. 
Stack. Room. Left Right. 
670 76 1.485 1.260 


665 74 1.484 1.260 

660 

652 1.485 1.260 

645 1.260 

635 

— .225 Difference. 

654 
Corrected, 


759 


6th Run: Time, 1.59-2.04. Anemometer, 954709 
945264 


106 
746 75 1.488 1.260 
725 1.490 1.256 — 
| 
@ 
J 
| 
Cubic feet of air per minute, 140.09. 


' 


S AND THEORIEs. 107 
TEMPERATURE. PRESSURE. 
Stack. Room. Left Right 
610 73 1.485 
605 74 1.488 
600 1.470 
595 74 
590 4 1.481 
585 1.265 
597 .216 Difference. 
Corrected, 
694 
694 14 = 


ith Run: Time. 


2.08-2.13 Anemometer, 945264 
935975 


9289 
Cubie feet of air per minute, 137.81. 
7 


TEMPERATURE 
Stack 
560 ‘ 
558 73 
m4 = 
49 
538 
5385 
556 
Corrected, 
648 


Room. 


Sth Run : Time, 2.54-2.59. 


Anemometer, 0100135 


0091762 
air per minute, 124.7: 


2 


Cubic feet o 


TEMPERATURE 


Stack Room «Left Right. 
415 i3 (1.460 1.292 
7 1.460 1.295 
0! «1.464 1.292 
404 me. 1.461 1.292 
293 
Corrected, . 168 Difference. 
480 
480 — 73 — 407°. 


9th Run: ime, 3.49-3.54. 


Cubic feet 


of air per minute, 115.02. 


& A 


Right 
1.478 1.268 
1.268 
1265 
pe | 
1.267 
1.267 
Difference, 
73 = 5The 
wy 
ia 
4 84068 
7694 


AND THEORIES. 


TEMPERATURE, PRESSURE, 
Stack. Room, eft. Right. 
845 1.310 
845 1.308 
3438 
842 452 1.309 
344 
Corrected, 
407 
407 — 7 


10th Run: Time, 4.314-4.374. 4 Anemometer, 84060 
7523 
88: 26 for 6 min. 
7355 5 
Cubic feet of air per minute, 110.18. 


TEMPERATURE. PRESSURE. 
Stack Room, Left Right, 


301 74 1.450 


301 74 1.320 

801 

301 130 Difference. 
€ 


301 


301 
Corrected, 
368 368 — 74 = 204°. 


11th Run: Time, 4.51-4.56. Anemometer, 975 
968125 


7109 
Cubic feet of air per minute, 105.69. 
TEMPERATURE. PRESSURE 
Room. 4 Right 
72 1.333 
1.3% 


445 1.333 


-112 Difference. 
3 SRo. 


12th Run: Time, 9.08-9.13. Anemometer, 968125 


5389 
Cubic feet of air per minute, 82.08. 


TEMPERATURE PRESSURE. 
Stack. Room, eft. Right. 
150 66 1.400 
148 66 AT 1.395 


149 AY 1.398 


Corrected, 
.072 Difference. 
186 — 66 — 120°, a 


186 


108 CHIMNEY DRAUGHT—FA¢ 
a 
| 
= s 
| "i 
Stack 
25( { 
25! 
255 
¢ 
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April 23, 1890. 

1st Run: Time, 11.54}-11.59}. Anemometer, 960340 
950400 


9940 
Cubic feet of air per minute, 147.16. 
TEMPERATURE. PRESSURE, 
Room eft. Right. 
68 1.6235 1 380 
68 1.620 1.380 


«1.616 1.385 
68 
6 


Corrected, 238 Diffe rence, 


2d Run: rime, 12.02-12.07. 50400 
940200 
10200 
Cubic feet of air per minute, 150.88. 


TEMPERATURE, PRESSURE 
Left. Right. 
1.617 1.384 
1.616 
1.615 384 


_ 


1.616 1.385 
1.385 


Corrected, 


779 
779 — 70 = 709°. 


6 
3d Run: Time, 12.09}-12. 145. ~— Anemometer, 940195 
930200 
9995 
Cubic feet of air per minute =147.95. 

PRESSURE 
Right. 
1.390 
1.390 


1.390 


Corrected, 
708 


708 69 = 639°. 


4th Run: Time, 12.18-12.23. Anemometer, 930200 
920575 


oe. Cubic feet of air per minute = 142.65. , 


722 
725 
710 
j 
1 
Stack 
O85 
680 
670 
660 
i 
a 
- 
25 
‘a 


TEMPERATURE, 


450 


445 


445 
Corrected, 


533 


6th Run: Time, 12.56-1.01 _ 
a = Cubic feet of air per minute, 122.56. 


TEMPERATURE. 


Stack. 
380 
375 
372 
370 
368 
373 

Corrected, 


PRESSURE 
Room, 
70 
vi 


Right. 
1.400 
1.398 


70 1.399 


.212 Difference. 


af, 


Anemometer, 920500 
911390 


8110 


PRESSURE. 
Room. 
70 
70 


70 
.180 Difference. 


533 — 70 = 460°. 


911390 
901525 


Anemometer, 


9865 


PRESSURE. 
Room. eft. Right. 
¢ 


1.434 


.159 Difference, 


440 — 71 = 370°. 


900738 
892823 


7015 


Anemometer, 


110 CHIMNEY DRAUGHT—-FACTS AND THEORIES. 
— 
TEMPERATURE. 
Stack. 
550 
540 
«585 
530 
543 
Corrected, 
633 
633 — 70 = 563°. = 
5th Run: Time, 12.32-12.37. 
ous 
Cubic feet of air per minute, 135.29. 
Stack. ght 
465 114 
419 
417 
|| 
— 
6 
1 
1.592 1.433 
Ls 
t 
ue | 
: Cubic feet of air per minute, 118.2. 
| 
- 


CHIMNEY DRaAUGHT—FACTS AND 111 
TEMPERATURE PRESSURE. 
Stack Room eft. Right. ’ 
or 


50 
345 


345 
345 
Corrected, 


408 
408 — 71 = 337 


Sth Run: Time, 2.35-2.40. Anemometer, 892825 


885990 
Cubic feet of air per minute, 102.75 PY. 


TEMPERATURE PRESSURE, 
Room we Right 
69 1.480 
669 1.475 
69 


1.478 


304 


— 
@ 


‘th Run: Time, 4. 24-4.29 Anemometer, 885990 
880339 


5651 
Cubic feet of air per eee 85.82. 
T EMPERATURE. PRESSURE 
Stack Room. ~ Left 
205 69 1.595 
595 


205 69 
205 
205 
205 
Corrected, ; .075 Difference. 
205 — 69 


10th Run: Time, 8.56-9.01 M. Anemometer, 80840 
ay... 


Cubic feet of air per minute, (yf. 4. 


TEMPERATURE. PRESSURE. 
Stack Left ve 


1.587 1.441 
1.441 
146 Difference. 
1.568 
a 1.568 
.041 Difference. 
185 — 70 = 65°. 
— 


CHIMNEY DRAUGHT—FACTS AND THEORIES. 


11th Run: Time, 8.313-8.364. Anemometer, 76187 


76090 


Q7 
vi 

te ‘ubie feet of air per minute, 18.86. 


TEMPERATURE. 
Stack. Room. Left. 
80 58 1.637 
80 7 58 1.640 


PRESSURE 


1 638 
1.633 


005 Difference. 


April 24, 1890. 
Anemometer, 766684 
T59720 
6964 
Cubie feet of air per minute, 104.6 
Temperature of room, 62°, 
Temperature of stack determined by Pouillet’s pyrometer. 
Weight of piece of iron, .066 Ib. 
7 Temperature of water after, 68.25 
8.05 
11 x .066 (7 — 68.25) = 2 (68.25 — 60.2) 
T = 2280 


2280 — 62= 22200, 
PRESSURE 
Right. 


1.516 
1.520 

1.510 


1.517 


759720 
752450 


7270 
Cubic feet of air per minute, 108.97. 


Temperature of room, 62°. 
Temperature of stack determined by Pouillet’s pyrometer. 
Weight of iron ball, .065 Ib. 
Temperature of water after, 75.4 
‘before, 68.0 


| 
1.633 
80 -— 58 = 22°. 
| 
= 
ae -271 + .011 (correction) = .285 Difference. 
2d Run: Time, 1.31-136. Anemomete 


CHIMNEY DRAUGHT—FACTS 
065 x .11(7' — 75.4) — 24.8 
T = 2140 
2140 — 62 = 2078°. 


AND THEORIES. 


PRESSURE 


269 Difference 


269 + .011 (correction) = .280. 


3d Run: Time, 2.14-2.19. Anemometer, 85177! 
843090 


Cubic feet of air per minute, 129 21 
Temperature of room, 60°. 


We ight of iron ball -068 Ie. ” 
i Te mpe rature of water after, 62.2 
3.8 
x .068 (7'— 62.2) = 7.6 
= 1077° 
_ 1077 — 60 = 1017°. 
PRESSUBE. 
rae 
> 
22 228 Difference. 
‘ .228 + .011 (correction) = .239 Difference. 


4th Run: Time, 2.33-2.38. tne Anemometer, 843090 
835025 


Cubic feet of air per minute — 120.35. 


TEMPERATURE P RE. 


Stack Room. Left Right. i 
70 756 1.564 
pa 


-196 + .011 (correction) = .207 
— 70 = 563°. [ Difference. 


an 
= 
1.790 4,590 
» 1.72 af 1.515 
— +4, 
1.789 1.518 
44 
1 
“f° 
> 4 
| 
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5th Run: Time, 3.39-3.45. ja ’ Anemometer, 834910 
8140 
Cubic feet of air per minute, 101.97. 


TEMPERATURE PRESSURE. 
Right. 


.O11 (correction) = .151 
| Difference 


6th Run: Time, 4.275-4.324 Anemometer, 9826770 
9820392 
6378 

Cubic feet of air per minute, 96.22. 


TEMPERATURE PRESSURE 
Room Left Right 
68 1.619 
1.620 
1.620 


1.620 


+ .O11 = .189 Difference. 
320 — 68 = 25.2°. i 


7th Run: Time, 9.50-9.55. Anemometer, 820400 
818732 


1668 


: Cubic feet of air per minute, 28.56. 
TEMPERATURE PRESSURE 
Stack. [‘Ther.] Room. Left. Right 


63 1.732 1.734 
1.730 1.734 

1 734 
1.731 


1.730 
1.781 


-003 
— .005 + .011 = .008 (real pressure). 


SIXTH TEST 


April 29, 1890, A.M. 
Ist Ran: Time, 10.40}-10.45}. Anemometer, 960750 
ee 950420 


Gomi B34} he. feet of air per minute, 152.8. 


l14 
305 1.744 1.600 4 
390 — —- 
1.742 1.6020 
393 1.60 
i 
ts 
Stac a 
y 
7 32 


CHIMNEY DRAUGHT—FAOCTS AND THEORIES. 


TEMPERATURE PRESSURE 
Right. 


Stack. Room. 


7 222 Difference. 
658 — 68 = 590°. 


2d Run: Time, 10.48-10.58. Anemometer, 950420 
940500 
9920 


Cubie feet of air per minute, 146.88. 


‘TEMPERATURE 
“Stack. Room ft Ri 
«690 68 48 1 
570 68 42 1.225 
555 44: 1.208 
540 — 
1.214 


551 
« 
=. 219 Difference. 
551—68 = 483°. 


PREESURE 


tight. 
.210 


3d Run: Time, 10.55-11.00. Anemometer, 940500 


931150 


9350 
Cubic feet of air per minute = 138.72 - 


TEMPERATURE PRESSURE. 
Right. 


Room. 
68 1.232 
1.228 

1.235 


.179 Difference. 
498 — 68 = 430°. e2 


4th Run: Time, 11.03-11.08. Anemometer, 931150 
921990 

rs Cubic feet of air per minute, 136.00. — 


PRESSURE. 
Left. Right. 
1.240 


(1.404 ty 
1.231 
1.235 


Difference. 
443 — 20 = 378°. 


TEMPERATURE. 


115 
‘Stack. 
490 
480 
498 
a 
2 
Stack Room, 
459 70 
445 70 
430 
» 
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5th Run: Time, 11.12}-11.17) 

TEMPERATURE. 


Room. 
70 


6th Run ; Time, 11.3: 


TEMPERATURE 
Room 


72 


335 — 


ith Run: Time, 11.58-12.04 


TEMPERATURE. 


Room, 


70 


1st Run : Time, 1.58-2.03. 


* Cubic feet of air per minute, 


270 — 


TEST, 


Anemometer, 921990 
913290 


129.42. 


PRESSURE 

Left. 
1.410 
1.392 
1.401 
1.245 


.156 Difference. * 


Anemometer, 913290 


905293 
S000 


Cubic feet of air per minute, 


119.41. 


PRESSURE 
Left. 
1.385 
1.393 


B89 
1247 


.142 Diffe 


Anemometer, 905294 
897487 


6min. = 7807 
* = 


72 = 263°. 


Cubic feet of air per minute, 98.03. 


PRESSURE 
Left. 
B90 


.136 Difference. 


70 = 200°. 


April 29, 1890, p.m 


Anemometer, 897486 
886918 


Cubic feet of air per minute, 156.46. 


116 
| 
8700 
ght 
390 255 
{ 
11.38. 
| 
Stac “ht. 
34( 250 
— 
4 Right. 
270 1.260 
1.391 1.255 
1.255 


TEMPERATURE. 
Stack. Room. Left. 


800) 74 1.472 
770 
— 1.470 

785 a 1.218 
Correc ted, - 


252 Difference. 


910 
910 — 74 — 836°. 
2d Run: Time, 2.08-2.13. Anemometer, 886918 
878750 


—e 
8168 
Cubic feet of air per minute, 116.91. 
TEMPERATURE PRESSURE. 

Left. 

1.473 
1.465 
1.468 
1.468 
1.227 


.241 Difference. 


Anemometer, 878750 | 
868930 


Cubic feet of air per minute, 145.44. 


TEMPERATURE, PRESSURE 
Stack. 


Anemometer, 868930 
859570 


9360 
Cubic feet of air per minute, 138.87 
PRESSURE, Richt. 
235 
240 


219 Difference, 
641 — 75 = 566°. 
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+, 
i 
8 
4 
850 76 = 774 
Run: Time, 2.15-2.20 
Right. 
720 1.462 1.230 
710 1.465 1.282 
690 
a .284 Difference. 
712 — 76 = 636°. d 
4th Run; Time, 2.22}-2.27; 
3 
TEMPERA 
Stack. 
660 
640 4 be 
635 
630 
641 


CHIMNEY DRAUGHT—FACTS AND THEORIES. 


5th Run: Time, 2.30-2.35. Anemometer, 859570 
849998 


#04 Cubic feet of air per minute, 141.9. 
TEMPERATURE. PRESSURE 

Stack. Room 

605 7 

600 

590 

580 

594 

- 
Difference. 


Anemometer, 849998 
840702 


9296 

Cubic feet of air per minute, 137.95. 
TEMPERATURE. PRESSURE : 
Right 
1.250 


45% 1. 252 
.200 Difference 


552 — 64 = 488°. 
Kun: Time, 2.50-2.55 Anemometer, 840702 
832242 
8460 
Cubic feet of air per minute, 125.978. 

TEMPERATURE. PRESSURE. 

Room eft. Right. 

73 4: 


503 — 73 = 


Run: Time, 3 13-3.18. Anemometer, 832242 
824506 


7736 
Cubic feet of air per minute, 115.61. 
TEMPERATURE PRESSURE. 
Room eft. Right. 
1.285 
1.275 


1.280 


118 
| 
245 
26 
504 10 
a 
| 
Ga 
Sta 
56 
550 
545 
540 
55 
7tl 
Sta 
51 
505 1.456 1.254 
495 1.444 1.264 
508 1.448 1.259 
| 
Sta 
: 42 
42 
41 aa i 
.162 Difference. 
= 418 — 73 = 8450. 
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9th Ron: Time, 3.59-4.04. Anemometer, 824506 
817480 


ts, 7026 
 Cubie feet of air per minute, 105.457. 


TEMPERATURE PRESSURE 

“Stack. 
2090 
295 
290 


292 


Run: Time, 5.15-5.20. Anemometer, 817480 
811400 


6080 
Cubic feet of air per minute, 91.84. | 
a 


PRESSURE. 


.096 Difference. 
238 — 76 = 162°. 


Run: Time, 7.35-7.40. Anemometer, 811500 
805920 
5580 


: = Cubic feet of air per minute, 84.794. 
TEMPERATURE PRESSURE. 


Right. 
1.465 


Prof. J. B. Webb.—In the opening paragraph of this paper we 
are told that it is “ time to ascertain by direct experiment whether 
the premises on which the mathematical treatment is based are 
those of practice,” and that the writer planned an investigation 
to settle whether there is a temperature of maximum delivery 
Within the range of temperature of chimneys as attached to the 
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steam-boiler, and that the work was all done by students who 
contributed many ingenious devices for eliminating obstacles, 
ete. 

We therefore naturally expect the paper of thirty-five pages 
to contain a complete description of a well-planned apparatus, 
including the ingenious devices, instead of which, but one para- 
graph is devoted to it, and we are told simply the size, shape, 
and material of the stack, and that it had under it a specially 
constructed removable grate, not otherwise described. No 
ingenious device is mentioned, unless it be this grate; the 
removability of which was certainly a highly ingenious device 
for getting rid of it and the fire, with all the trouble of regulat- 
ing and measuring the latter. 

This grate, constructed “to eliminate all uncertainty as to 
resistances,” seems not to have done so, for we read (third para- 
graph) that uniform resistance was secured by allowing the 
“fire to burn completely out, leaving a bed of ash,” or by 
entirely removing the fire and closing the bottom of the stack 
with a perforated cover. 

Not only, then, was there no steam-boiler, but no fire—only a 
heavy bed of ashes—in the apparatus which was to “ give a cor- 
rect solution of the problem from the stand-point of the engi- 
neer” (see first paragraph); not of the mathematician, who is 
popularly supposed to be guilty of such vagaries, but, of all 
men, the engineer! The apparatus and its manner of use were, 
then, about as far removed from practical conditions as possible. 
As to the unchangeableness of the bed of ashes and the reliabil- 
ity of most of the other conditions influencing the data, there 
is room for a wide difference of opinion from that of the 
paper. 

As to the data themselves, they are so incomplete as to justify 
little confidence in their accuracy. We are told(third paragraph) 
that the work was only begun formally when uncertainty had 
been eliminated by preliminary tests; and yet, in the first test 
given, there is so much that it has not been admitted to the 
graphical table. 

No data are given as to the methods of standardizing and 
using the pyrometers and anemometer, nor as to the opening sup- 
plying the air. What the “temperature of the stack’ means we 
cannot even guess, except that it is probably the indication of the 
pyrometer, which might have been placed in the stack in various 
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main reservoir of heat, the air could not have maintained a con- 
stant temperature during its half-minute’s passage through the 
stack. We notice, also, that the most of the space (twenty pages) 
over which these tests are spread is devoted to repeated read- 
ings of the two sides of the “ very finely divided pressure gauge ” 
(second paragraph), and of the temperature of the room. 

In the face of all this, as to the apparatus and data, we can 
_ hardly agree with the highly favorable view taken of these tests 
in the fourth paragraph, that, “ Their study will probably settle 
any question which may arise relating to the subject thus 
investigated.” 


After devoting only five pages to the apparatus and tests. 
some random shots at theory are attempted. 

The ninth paragraph (page 90) commences by stating that the 
usual formula is “ obviously inaccurate in form,” containing “ an 
entirely false set of assumptions ” (which, however, are mainly 
retained by the author). It then goes on to mention certain 
conditions under which this may seem to be the case, followed by 
others having a contrary effect, and concludes by saying: “ In- 
such cases the maximum will evidently be found, at least approxi- 
mately, where Rankine places it.” 

This introduction is a type of what follows; things are “ obvi- 
ous” and “evident” until the attempt is made to explain them, 
when they change color or contradiction ensues. 

Thus the eleventh porngeaph contains a rare piece of logic. 
The first premise stated is, “Since the temperature of the 
chimney in any boiler plant is a direct function of the coal 
burned on the grate” ; and the second is, “Since the quantity so 
burned depends, in turn, on the draught” ; while a third premise 
introduces a syndicate of “maximums,” and begs the question. 
Now, from the first and second, we might conclude that an in- 
creased supply of air necessitates a higher chimney temperature, 
but on page 97 we read that, “In all cases of good practice _ 
the air entering the fire is raised to the same maximum tempera- : 
ture, whatever its voliime or weight”; and that, “Its variation is 


ways and at various places, with scarcely any chance of getting 

the temperature of the hot air as distinguished from that of the — 

walls of the stack. Moreover, as the wall of the stack wasthe | 
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dependent, not upon the chimney temperature, but on the pro- 
portion of air admitted to dilute the products of combustion” ; - 
and, further, that, “ 7he movement of air through the fuel-bed and grate 7 
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is effected at temperatures absolutely independent of the chimney tem- 
peratures,” statements which seem to upset the above premises— 
with the rest of the paragraph, and to suggest, at least, that an 
increased supply of air might, by diluting the products of com- 
bustion, lower the chimney temperature. 

The conclusion of this logical paragraph is, “ The discovery 
of any one case in which the boiler chimney is delivering gas at 
a higher temperature (than 600°) is thus sufficient to prove the 
fallacy of the proposition,’ that a maximum temperature can 
exist; which conclusion may be answered by saving that the 
discovery of any one case in which such a maximum appears is 
sufficient to prove the fallacy of any attempt to show that it can- 
not exist, and that such cases are acknowledged in numerous 
places in the paper.* 

We are not now taking ground either for or against a maxi- 
mum temperature, but mildly criticising the paper, in fulfilment 
of the duty to maintain the standard of our Trunsactions—a 
duty which should be felt by every member. 

We are not able, by looking at a palm, to predict a fortune, nor, 
by noticing hot gases pouring out of a chimney, to predict the 
non-possibility, or otherwise, of a maximum temperature, and we 
have no desire to discount the statement that (par. 11) “in hun- 
dreds of cases—thousands probably,” exceedingly hot gases 
from certain chimneys have been noticed by persons of sufficient 
intelligence to know that they were red-hot or even flaming. 
But when a paper acknowledges cases in which a maximum may 
exist, and reports experiments showing one under other con- 
ditions, any one with this much intelligence may be pardoned 
for failing to see the evident obviousness of its arguments to the 
contrary. 

A more lengthy review of the paper would not be profitable, 
and we leave it, with the mere suggestion of an apparatus, 
planned some years since for such experiments, but which may 
at some future time be presented to the Society in detail : 

A brick chimney of rectangular section, say 30 to 50 feet high, 
with a strip of iron hung in it, 30 to 50 feet long, and as wide as 
the rectangle, by means of which the sectional area could be 
varied. 


* The statement (page 96, third line from the top) that the ordinary analysi- 
assumes the chimney friction to be the controlling quantity is not true, the great 
resistance of the grate being well understood and allowed for, 
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An upright tubular boiler, connected by an oil-seal with the — 
chimney and hung upon a scale so that its weight can be auto- 


matically registered, with means also of measuring the water 
furnished and evaporated ; by means of this boiler the change 
of temperature of the gases while passing through the flues 
could be varied at will. 

A separate grate and ash pit, connected with the boiler by 
an oil-seal and supported on seales so that its weight could be 
automatically registered ; this would enable the weight of fuel 
consumed per minute, and also the weights fired at intervals, to 
be known. 


A blower, connected with the ash pit by an oil-seal, so that any 
pressure could be maintained therein; this would compensate 
for the lack of variability in the height of the chimney and 
enable the results to be reduced to any chimney height. 

With such an apparatus experiments could be made, we be- 
lieve, under practical conditions. 

Prof. Jas. FE. Denton.—A point which has not been mentioned 
in the discussion is the citation, by the author of the paper, of 
Isherwood’s Report, entitled Experiments with a Martin Water-tube 
Boiler, for the purpose of proving that there was an increase of 
draught caused by an increase in the chimney temperature above 
the 600° which the theorem in Rankine’s T'reatise on the Steam- 
engine declares to be productive of about the maximum draught. 

I think this reference is unfortunate, and might be even mis- 
leading. First, because the higher temperatures were not 
accurately determined, and of the two experiments at 700° one 
shows a reduction of draught as compared with that of 600°, 
indicating that duplicate experiments might show much less 
apparent gain in the draught at the highest temperature. 
Second, that inasmuch as the rows of 3-inch tubes, through 
which the chimney gases had to flow, were reduced from 22 to 
13 in number when the temperature in the chimney was in- 
creased from 600° to the highest limit, the reduction of resistance 
to draught thus caused may have been responsible for the 
increase of draught which really occurred. 

Prof. Horace B. Gale—The author of these experiments 
renders a valuable service in recalling the discussion of chimney 
draught to the solid ground of facts. Those placed before us 
in this paper are both interesting, from a scientific stand-point, 
and of practical value. 
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The conclusions drawn from them, although not new, are now 
placed upon a firm>r foundation than before. The same con- 
clusions were announced as a result of independent investigations 
in a paper on Theory and Design of Chimneys,* presented by the 
writer at the November meeting of last year. The error in the 
generally accepted theory of Peclet and Rankine, to which 
reference is here made, was also pointed out in that paper, and 
a new theory was constructed on the same principles as are out- 
lined in Prof. Thurston’s analysis. 

The interest awakened by the discussion at that time brought 
out a number of papers in defence of the old formule, one of 
which, by Prof. Wood,+ was directed especially to the points 
covered by the present experiments. In the writer's discussion 
of that paper is made the statement, which is here derived 
independently by Prof. Thurston, that the value of G@ in 
Rankine’s equation is variable, and proportional inversely to #. 

The results given in the writer’s paper of a year ago agree so 
thoroughly with those of the present experiments that each set 
serves as a confirmation of the other. The conditions of the 
experiments and the methods of investigation in the two cases 
were, however, entirely different. A comparison of the methods 
and results as set forth in the two papers will, I think, be 
interesting, and will throw some light upon recent discussions. 

The method used in these experiments is simple and direct ; 
but the conditions differ from the usual conditions of steam 
practice, in that the boiler, and the resistance offered by its 
contracted passages to the gases of combustion, are here absent. 

The writer’s experiments, on the other hand, were not directed 
especially to the question of maximum draught, but were made 
primarily to determine a series of constants which could be used 
in formule for the design of chimneys. All the measurements 
were made upon boiler furnaces, under the ordinary conditions 
of practice—the resulting formule being as yet the only ones in 
which all the coefficients necessary in a rational theory have 
been thus determined. 

Let us first compare the pressures given by these formule 
with those of the experimental curves. Equation 2 of the recent 
paper} gives, as “the excess of the external over the internal 


* Transactions, Vol. XI., p. 451. 
+ Chimney Draught, Transactions, Vol. X1., p. 974. 
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pressure at the base of the chimney in pounds on the square 


foot” 


~ 


HT is the height of the chimney, or, in this case, 32 feet. | = 


T,, is the absolute temperature of the air, which, in these 
experiments, was approximately 70 + 461, or 531° Fahr. 

T, is the mean absolute temperature of the gases in the stack. 

P, represents the pressure required to overcome the chimney — 
friction. 

The value - this last term, when worked out by Equation 4 
of the paper,* is found to be so small as to be prac tically i inappre i 
ciable for any rates of delivery observed in these tests. We 
may there fore negle ‘et it, and put 


P=H(p - 


We may now apply this formula to compute the pressures for — 
the points on the curves corresponding respectively to tempera-— ry 
ture differences of 200°, 400°, and 600. The observed tempera- 
tures of the chimney which would give these differences would 
be 270°, 470°, and 670. These temperatures, being taken near 
the base of the stack, would, however, require to be corrected 
for the cooling of the gases in passing from the bottom to the — 
top, in order to obtain the true mean temperatures. 

The writer's experiments give the value of this correction, for 
a round brick stack, as 


(See Equation 26, Theory and Design of Chimneys, Vol. XI.) 
Ais the area of the flue, which is here 2.18 square feet, and 
Wis the weight of gas delivered per second. The value of W 
may be found by multiplying the mean delivery in cubic feet per 
minute, as shown by the curves for each of the given tempera- 
ture differences, by .074 (or the weight of a cubic foot at 70 _ 
and dividing by 60. The resulting values make the corrections 
for cooling of the gases in the stack for the three cases chosen, 
22, 33°, and 44°, respectively. 
Subtracting these corrections from the corresponding observed 7 
* Vol. 455, 
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temperatures at the base of the stack, and adding 461 to each 
remainder, we obtain, as the probable mean ubsolute te mperatures 
in the stack, 709 , 898°, and 1,087°. 

Substituting these figures for 7’, in the equation, and dividing 
the resulting values of P by 5.2 (to reduce to inches of water), 
we obtain calculated pressures as follows, which are here com- 
pared with the average values shown by the curves. 7 


Temperature Difference. Calculated Pressure Average of Observed Pressures. 


200 .105 ineh, 


5 
G00 216 

The caleulated values agree with the observed values within 
the limits of variation of the different experiments. 

Turning our attention now to the delivery curves, it appears 
that the maximum was not reached at the same temperature 
even when the conditions of the experiments were intended to 
be similar. In this regard, it may be observed that the deter- 
mination of a maximum point in a curve of this nature is a 
matter of considerable delicacy, the slighiest change in the form 
of the curve being sufficient to shift the maximum to a very 
noticeable extent. The accidental variations in the resistance 
of the fuel-bed, which Prof. Thurston mentions as a cause of 
these differences in the results, would probably be quite enough 
to account for them. Such irregularities might be eliminated 
by taking the average of a sufficient number of tests in which 
the conditions were kept as nearly alike as possible. 

Leaving out Experiments 2 and 6, in which the fires were 
dumped, we have four curves representing the delivery of gas 
under approximately similar conditions. Three of these show 
fairly well-defined maximum points—No. 3 at 725°, No. 4 at 
775°, and No. 5 at 1,150, above the temperature of the air. 
Curve No. 7, if continued, would apparently also reach a maxi- 
mum not far from the same point as No. 5. 

The average for these four curves is 950°, corresponding to 
an observed temperature in the stack of 950 + 70, or 1,020. 
The correction for cooling, as computed by the formula previ- 
ously given, would reduce this figure to 948°, which result may 
be taken as representing our best knowledge of the probable 
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mean temperature in the chimney required for maximum draught 
under conditions corresponding to the average of these tests. 

In the foregoing it has been assumed that the temperature 
measurements were made at the base of the stack; if the ther- 
mometer was inserted above that point, the corrections for cool- 

ing should be somewhat less, and the mean temperature cor- 
_ respondingly higher. It is to be hoped that Prof. Thurston will 
add to his paper a few data of this kind which do not now appear 
in it—such, for instance, as the dimensions of the grate, the 
kind of fuel burned, the exact points where the measurements 
of pressure and temperature were made, whether the tempera- 
ture of the room, as given in the reports, represented also the 
temperature of the column of air outside the chimney, ete. 

These data would be valuable in the comparison of these results 
with those of other experiments. 

In the recent paper by the writer there was deduced a general 
expression for the temperature of maximum draught for any 
chimney and furnace of given dimensions. Now, if the theory 
there employed is the correct one, and if the experimental values 
of the various coefficients also were correctly determined, that 
formula, when applied to the conditions of these experiments, 
should make the temperature of maximum draught about 948 
Fahr. The equation, which is No. 38 of the paper on Theory 
and Design of Chimne 8, is written as follows :* 


fart 


ve symbols H, T,, and A have the values already given. 
‘is the coefficient of friction of the gas on the sides of the 
sale , Whose value for a brick-lined stack, as determined by 
the writer’s measurements, is given as .OL6. 

M is the inside circumference of the stack, which in this case 
is 5.24 feet. 

a is stated in the paper to be “the area of the openings 
between the grate bars, plus the area of any orifices for the 
admission of air above the fire.” These data are not given in 
the report. Assuming the area a as approximately one-half that 
of the grate, anda ratio of aed to chimney area of 8 to 1, would © 
Vol. p. 471 
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make @ equal to 8.72 square feet. If these assumptions differ 
materially from the facts, Prof. Thurston will, I trust, correct 
them. 

The only remaining factor to be evaluated is A, which is a 
coefficient of resistance for the furnace. In an ordinary boiler- 
furnace this quantity is the sum of the separate resistances of 
the grate and fuel-bed, the boiler-tubes, the smoke-flue, ete. In 
Equation 6 of the paper referred to, values based onthe writer’s 
measurements are assigned to these component parts of the 
resistance, the coeflicient for the grate and fuel-bed* being given 
as .07. Now, in these experiments the resistance of the grate 
and fuel-bed was practically the whole resistance of the furnace. 
We may therefore put A = .0T. 

Substituting these values in the equation, and subtracting 461° 
from the resulting value of 7’,, to reduce from the absolute to 
the common scale, we obtain, as the calculated temperature of 
maximum draught for the conditions of these experiments, 978 . 

Thus these tests serve to confirm, to a certain extent, the 
theory of draught proposed at the meeting of last November, as 
well as the values determined by the writer for the experimenta! 
coeflicients. 

The general results of the investigation, so far as relates to 
the subject of temperature of maximum draught, were stated in 
the recent paper in the following words: “It is evident that the 
temperature of maximum draught is not invariable, but depends 
upon the dimensions of the chimney and furnace. . . . It is 
also evident that this temperature can never be as low as that 
given by Rankine’s formula. . . . The ordinary values of the 
temperature of maximum draught would range from 1,000° to 
2,000° on the common Fahr. scale.” + 

The author of the present paper concludes, from his investiga- 
tion, that “the actual maxima fall more commonly at points on 
the scale between 800° and 2,000° Fahr.” It is possible that, in 
reaching this conclusion, Prof. Thurston has somewhat under- 
estimated the frictional resistance due to the boiler, which, if 
present, would increase the value of A, and thus raise the tem- 
perature of maximum delivery. The writer has in numerous 
cases found this resistance, as measured by the method of press- 
ure differences, equal to, and in some instances even larger than, 
that of the grate and fuel-bed. A test of this kind was reported 
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in detail at the last fall meeting. As a result of a considerable 
number of such measurements upon externally fired boilers of 
various kinds, it would seem that the resistance of the fire-bed 
alone is seldom more than two-thirds of the whole furnace 
resistance. 

It follows that, if an ordinary boiler furnace had been used for 
these experiments instead of a special furnace without a boiler, 
the resistance offered to the draught would have been consider- 
ably greater, and would also have been steadier ; for the friction 
in the boiler-tubes would be unaffected by variations in the fuel- 
bed. 

The difficulty in the way of an experiment of this kind would 
be, of course, that the gases would be cooled so much by the 
boiler that the teniperature of maximum delivery could not be 
reached. It might be approached, perhaps, if the ratio of tube 
surface to grate were made rather smal]. In that case the fire 
could be kept as hot as possible, and the chimney gases cooled 
vradually by pumping cold water through the boiler, allowing 
it to escape at the blow-off. An experiment of this kind would 
be comparatively easy for any one having a boiler and chimney 
adapted to the purpose, and might bring out some further facts 
of interest. One of the chief sources of error to be guarded 
against in such an experiment would be the leakage of air 
through the boiler-setting and walls of the chimney. 

It would seem, however, that the work already done should 
settle the question, as far as the old formule for draught are 
concerned ; being supported neither by tenable theories nor ob- 
served facts, they may safely be discarded for something better. 

Prof. Le. H. Thurston.*—The two gentlemen who discuss this 
paper have given so admirable an illustration of opposite deduc- 
tions, as of opposite attitudes and methods of treatment, that I 
am not sure that I may not with propriety leave the subject to 


can balance a constructive criticism. But little need be added, I 
am sure. It would be fair to conclude, from the first of the two 
that the speaker is competent to do a much better piece of work 
than this ; and we may consider him pledged to do so by his clos- | 
ing statements. When that apparatus, which we are assured will 
illustrate the ingenuity and the perspicacity of its inventor, is 
finally set at work in the manner indicated by him, we shall, I iW 


* Author's Closure, under the sary: 


them, and let the one balance the other—in so far as a destructive 
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am sure, be given vastly more complete and more valuable re- 
sults. I sincerely hope that we may soon be permitted to 
admire and profit by them. At the moment, I can only regret 
that we could not have obtained some facts and some general 
information on the subject from him now. 


I will, however, say, that it was not supposed, in prey aring 


the paper, that it was necessary to load it with descriptions of 
details unessential to its immediate purpose; that the plan 
adopted was for the purpose of securing just the data obtained, 
evading the uncertainties which would enter with the introdue- 
tion of unessential conditious ; and that the standardizing of the 
apparatus was considered so simple and so familiar a matter to 
the average engineer interesting himself in such work, that it 
would have been a waste of space and time to go into it. I 
imagine that it is quite enough to say that it wus standardized, 
and that the readings represent just what they purport to 
represent. The “ temperature of the stack’ means exactly what 
those terms imply. The pyrometers were placed in the middle 
of the body of the stack, and are to be taken as giving the tem- 
perature of its gases, and no reason is known for assuming any 
other. 

The remark about uncertainty in this connection, if I may be 
pardoned for so frankly saying it, seems to me very absurd, as I 
think it must to any one familiar with such work. Nothing in 
the course of the experiments indicated that there was any 
reason to suppose that the temperature of the gases varied per- 
ceptibly in the “ half-minute’s passage through the stack.” As 
to the result, finally, I am inclined still to cling, with due modesty, 
to my expressed opinion that they settle the question at issue 
—i.e., Whether a maximum always actually occurs at 600° Fahr. 
I further am confident that, were these results no more than 
approximate, as my critic seems inclined to assert, they would 
still unquestionably be amply sufficient to settle that matter. 

The serious aspect of the “mare’s nest” of logic, and the 
apparent contradictions finally thought to be discovered, will 
disappear when the paper is read understandingly. It will then 
be seen that it is perfectly true that the temperature of the 
chimney is “ « direct function of the quantity of coal burned”— 
i.e., that it increases, other things equal, when the rate of com- 
bustion increases, 1 matter of universal experience ; that it is 
equally true that the quantity of coal burned depends on the 
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draught, a still more familiar fact ; and yet, that it is absolutely 
true that, as asserted in the body of the paper, equally complete 
combustion being assumed, the movement of air through the qrate 
and fue I-hed is effected at temperatures absolutely independent of the 
chimney temperatures ; i.e.—as is, I think, readily seen by a careful 
reader of the paper—at temperatures which are those of com- 
plete combustion, and constant for the same fuel and air-supply 
per unit of its weight, whatever the temperature of the furnace, 
the flues, orthe chimney—all of which latter are dependent upon 
entirely different and independent conditions. 
The remark, “ The conclusion of all this logical paragraph is 
‘the discovery of any one case in which the boiler chimney is 
delivering gas at a higher temperature’ (than 600°) ‘is thus 
sufficient to prove the fallacy of the prop« sition, that a maximum 
temperature can exist”; and the added proposition: “ Which 
conclusion may be answered by saying that the discovery of any 
one case in which such a maximum appears is sufficient to prove 
the fallacy of any attempt to show that it cannot exist, and that 
such cases are acknowledged in numerous places in the paper,” 
may, In my opinion, be taken as beautiful illustrations of that 


defective logie which is, to my mind at least, mistakenly as- 
sumed to exist in the “ mare’s nest.” 


_ A more careful reading of the paper will show that the asser- 
tion is nowhere made that it is impossible “that a maximum 
temperature can exist”; that the assertion which 7s made is, that 
such maximum does not exist in practice at the temperature 
unqualifiedly claimed for it by some and by the mathematics 
Which they would sustain. My assertion is, in fact, that such a 
maximum would exist were it true, as assumed in that delusive 
reasoning, that the resistances at the grate and in the chimney 
were in constant proportion; that actually it rises as the con- 
ditions approximate those of usual practice ; that the paper 
shows this fact by giving results obtained under conditions 
sufticiently approximating usual conditions, and conditions 
vastly more nearly in accordance with usual practice than the 
assumptions on which the critic bases his algebra and _ his 
“logic.” The matter of his criticism thus falls to the ground ; 
its foundation is pure imagination. 

The suggestion which concludes these curious trains of 
destructive ratiocination, of an apparatus which shall give us 
exact data to contrast with these now given, includes some 
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“ingenious devices,’ and gives some reason to hope that the 
obvious practical difficulties may all be overcome, as well as all 
which may appear when the attempt is made to do the work ; and 
it is to be hoped that it may not prove to be merely “ the airy 
fabric of a dream,” but that we may, very soon, secure by its 
means a settlement of the question whether the disputed equa- 
tion is correct in form and basis, and whether it is true that a 
maximum exists in all cases, as asserted, at 600° Fahr. 

Prof. Gale’s remarks impress me as amply sufficient, if any- 
thing of that kind is really required, to relieve any apprehensions 
which might arise in the mind of any candid reader looking for 
the truth in regard to a disputed point in physics and mathe- 
matics. I think it cannot be necessary for me to rewrite the 
text of the paper. I will content myself with expressing the 
hope that those who may have sufficient interest in the matter 
to read the paper, when published, will at least read it more care- 
fully and to better purpose than has the first speaker, and with 
the further suggestions that the difficulties of exact investigation 
may prove more numerous and greater than can be realized until 
it is actually undertaken ; and that, if those promised investiga- 
tions fail to supply all that is expected of them, we shall still be 
very glad to get all the facts which they may reveal, nevertheless, 
even though they prove that a maximum temperature of effective 
draught doves always exist at 600° Fahr., that the rates of flow of 
air through fuel and chimney are exactly proportional, and that 
G, in the disputed equation, is a constant. 
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SOME PROPERTIES OF AMMONIA, 
| 

Den (Second Paper.) 


BY DE VOLSON WOOD, HOBOKEN, XN. J. 


(Member of the Society.) 


In my article in Vol. X. of the 7ransactions, on “ Some Prop- 
erties of Ammonia,” I gave a formula, equation (23), for the 
- specific heat of a liquid depending upon the properties of the 
saturated vapor of* the substance. One algebraic sign in that 
equation should be changed from + to —, so I will here write it 


correctly : 
vdp dh dr' ) 
dr ky 1); (1) 
in which 


/ is the mechanical equivalent of heat, and in English units 


is 778 foot-pounds. wrt 
p, the pressure in pounds per square foot. 


v, the volume in cubic feet of a pound of the vapor. 

t, the absolute temperature at which the liquid is evaporated. _ 

t', the absolute temperature of the superheated vapor. = 

T, the temperature on the Fahrenheit scale. 

h,, the latent heat of evaporation per pound in ordinary 
thermal units; and 


k,, the ordinary specific heat of the vapor, which for ammonia © 
is 0.50836. 


dr 
In applying this formula, I assumed that qr “%S unity, but I | 


find that it has a finite value. I will recompute the value of c, — 
and will bring forward all the necessary formulas. 
From the formula 


9 
log p = 8.4079 — 


dp _ 2.3026 x 2196 


dt 
* Presented at the Richmond. Meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XII. of the Transactions. 


a 
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From the equation 


Ts \ 4.3641 16920 / 7 \ 6.624 


Ta / Ty 


which is ‘the equation of an adiabatic of the superheated vapor, 
find dr and call it ¢7’, after which drop all the subseripts in the 
right-hand member, since the initial state must coincide with the 
general one, and thus find, by the aid of equation (3) above, 


7 
dr’ 2.3026 x 2196 pe 
dr 397.13 — 112135° 7? 

It was also found that _ awe 


= 


i 


These reduce equation (1) to. ‘= 
9570 


6.49922 — __=* 


¢ = 112136 + 0.004387 + 112135 |.(7) 


397.1 ty" 


I find that this formula gives a decreasing value of the specific 
heat for increase of temperature, a condition that has been proved 
experimentally only for water from 40° Fahr. to about 80° Fabr.; 
and the decrease was so smali as to escape the observation of 

tegnault, who observed it for states differing considerably in 
temperature. 

Equation (7) gives a decrease of the specific heat of about 
0.0014 for each degree of increase of temperature, which is some 
forty times the positive rate of change of the specific heat of 
water. The fact that it gives negative results indefinitely and at 
so rapid a rate excites suspicion that the theory is defective. The 
cause appears to be in the denominator of the last term of the 
parenthesis of equation (7), for in the determination of the equa- 
tion to the adiabatic the exponents and coefficients are considered 
constant, which they cannot be exactly, and the equation of the 


fluid, pv = ar — —,, is only approximate. The equation should be 


used, if at all, only within the limits of Regnault’s experiments 


te 
Fae - 
| 
i a 0.6130 + 0.000438 7 
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that is, between 11 and 24 cubic feet. Using the following set of | 
values, determined in my paper in Vol. X.—vyiz.: v = 20.7985, 
r = 426.66, 7 = — 34° Fahr., p = 1823.7—equation (7) gives 


We next try the effect of assuming that the adiabatic of the 
t superheated vapor is that of a perfect gas. For this case we have 


ib 


dp 
tnt 
adr 

Dropping the subscripts ., and accenting dz, we have 


dp _ 395.31 


This, with the preceding equations, reduces equation (1) to 


Veo ¢ = 1.12136 + 0.000438 7" — 0.002027". (13) 


For the state ai 


v = 20.7935, p = 1823.7, = 426.66, 7’ = — 34 Fanr., 


this becomes 


= 1.10647 — 0.00042 = 1.10605. 


For the state 7’= 80° Fahr., 


1,89, p = 22192, = 540, 


= 1.15640 — 0,00029 = 1.15611. 


| 
\y-i 
q 
(11) 
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It will be seen that the last term of equation (13) is so small 
as to affect only the fourth decimal figure, and hence may be 


omitted, in which case we have tau 
‘ | 
e = 1.12136 + 0.0004887%. . . as (16) 


We are no longer confined to mere theoretical values for the 
specific heat of liquid ammonia, for Dr. Hans Von Strombeck, 
consulting chemist for the De La Vergne Refrigerating Company, 
of New York, in the summer of 1890, found from the mean of eight 
experiments that the specific heat is ‘ 


the temperature of the liquid being about 80° Fahr. The — 
heat of liquids is, in practice, treated as constant. The value in : 
equation (15) is nearly 6% less than the value found by experi- 
ment. 

Dr. Von Strombeck also found the latent heat of vaporization of 
ammonia at 30°.45 Fahr., the mean of six experiments giving 


The corresponding value in my Table of the Properties of 
Saturated Vapor of Ammonia, Vol. X., is 


which is only 2.2 units more than the value found by Dr. 
Von Strombeck, or ;‘;"of one per cent. more. 

A determination made by Prof. Jacobus from Regnault’s ex- 
periments, in a paper of this issue, assuming that the specific 
heat of liquid ammonia is unity, at 53° Fahr., gives 

My table in Vol. X. gives 


a value which agrees still nearer with the experimental one. 
The close agreement, however, of a particular value is not so 
important as a fair agreement of values at different temperatures, 
as in this case. These experiments show that my table is suf- 
ficiently exact for engineering purposes, if not for all others. 


= 
136 


MECHANIC. AND PHYSICAL PROPERTIES OF 
LPHUR DIOXIDE (SO,). 
BY DE VOLSON WOOD, HOBOKEN, N. J 
(Member of the Society.) 
REGNAULT determined the relation between the pressure and 
= mperature of the,saturated vapor of sulphur dioxide (SO,), and 
the relation between the pressure and volume of the super- 
heated vapor (or vaporous gas), at 1.7 C.=35.06 Fahr. The ex- 
perimental value of the latent heat of vaporization is not known, 
nor the specific heat of the liquid. Last year I deduced some 
formulas for determining the values of both these constants 


and applied them to determination of certain properties of 
ammonia. 


I desired to have my formulas and methods applied to the 
determination of certain properties of sulphur dioxide (SO,), and 
I was fortunate in enlisting the services of Messrs. A. C. Atris- 
tain, Arthur H. Hall, and W. F. Lawrence, members of the last 
graduating class at the Stevens Institute, to make the numerical 
computations, which they have faithfully done under my direc- 
tions, their only consideration being the privilege of making the 
subject their graduation thesis. I find that the latent heats of 
vaporization from—20° Fahr. to 40° Fahr. are about 1}¢ less than 
those found by Ledoux ; a much closer agreement than would 
4 be anticipated, considering that different formulas were used. 
He used Roche’s formula for the relation between pressures and 
volumes, while we used Rankine’s ; he used Zeuner’s formula for 
the relation between the pressure, volume, and temperature of — 
the superheated vapor, while we used a part of Rankine’s. The — 
close agreement of the results within the range of temperatures 
ordinarily used in practice will inspire confidence in them, 


although they probably will never take the place of experi- 
mental values. 


* Presented at the Richmond Meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XII. of the Transactions. a 
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Special importance attaches to the properties of this sub- 
stance because it is used in refrigerating machines. It remains 
in a state of vapor at comparatively low temperatures and does 
not congeal under ordinary pressures. 
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The data for the general expression for volumes of the liquid 
per pound at different temperatures were taken from a series of 


experiments by 


| 


10d uy Joy 9] 


your 


13 
| 
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| 
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ale for temperatures in degrees Fahrenheit. 


Fig. 21. 


In Relation des Expériences (Vol. IL, pages 583 to 585) are the 
results of three series of experiments by Regnault showing the 
pressures for various temperatures from —22 to 144 Fah. 
These have been reduced to English units and given in Table 
L, and plotted in Fig. 21, abscissas being temperatures, an 
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TABLE I. 
“REL ATION BETWEEN PRESSURE AND TEMPERATURE OF SATURATED BO, As 


OBSERVED BY REGNAULT. 


Press. per 
Temp. deg. C. Press. per. mill. of Temp. deg. Fahr. inch. 
mercury. 


Pounds. 


318.99 198 6.15 
318.05 | —21.010 6.28 
324.80 6.30 
825.56 | 17.500 6.35 
328 —17.194 6.41 
“ —16.978 6.44 
16.654 
| —16.348 6.52 
40 F686 8.61 
18 515.83 1.732 9.69 
18.74 | 501.14 ~ ae 10.07 
18.48 + 7.934 12.52 
13.37 | 647.12 | 13.010 14.31 
739.96 | 13.136 14.42 
—10.48 | 13.388 14.42 
10.34 | 3.442 14.48 
1031 | 15.33 
87 792.46 18.302 16.29 
— 8.114 13.6 
21.632 
912.33 24.512 18.94 
4.16 | 42 | 32 22.64 
0 1164.58 34.43 23 .57 
+ 1.85 34.574 23.82 
| 36.464 24.89 
+ 2.48 1288.96 38.408 25.89 
3.56 1338.74 40.208 26.96 
4.36 43.97 28.73 
6.55 1485.58 49 172 82.85 
9 1698.23 49.332 33.02 
9.64 56.048 37.78 
13.36 1953. 67. 46 46.90 
19.70 2424.50 69. 104 48.98 
20.78 2589.01 20.358 50.16 
21.31 2593 10 43 51.19 
21.35 2598.83 $5.91 
29.95 3403 25 83892 65.81 
29 3403.25 86.215 67.64 
20 10 3497.02 17.6 
30.12 240% 17 86.396 67.60 
30.29 $495.17 98.87 84.04 
4344.59 99.662 83.89 
37.59 4326 . 89 102 524 => 91.22 
48.66 | 6195.91 118.21 
49.46 6112.88 144.536 167.54 
62.52 8662.18 
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Assuming that the law of pressures and temperatures can be 
represented by Rankine’s formula: 


three points were taken on the above curve from which the values 
of A, B, and C were determined as follows: 

When p = 7 lbs. per square inch, ¢ = — 14° F.= 446.66 absolute. 
When p = 50.5 lbs. per square inch, ¢ = 71’ F. = 531.66 absolute. 
When p = 144 lbs. per square inch, ¢ = 134°.5 = 595.16 absolute. 


From which 4, 3, and (’ were found to equal : 


A = 5.2330. B= 1439.0. 232659. 


The general formula for this vapor now becomes : 


com log p = 5.2330 — 1439.0 232659 


for pressures in pounds per square inch ; or, 
1439 232659 


T 


4 com log p = 7.39136 — 


13) 


for pressures per square foot. This curve is plotted in Fig. 21. 
By substituting values for 7 in equation (3), Table II. was 
computed, in which the pressures per square foot are given for 
every five degrees of temperature from — 20 to + 149 Fahr., as 
also the pressures per square inch. 
From thermodynamics we have, for the latent heat of vapor- 
ization 
= Tv ep in foot pounds ; 


(LT 


) ‘ 
h.= tv + 778 in thermal units. 


Also, by differentiating equation (3), we get : 
(p 1439 “ 49x 930659 % 2.3026. 
T? 
rv P 
dr 


1439 +2 x 232659 2" 


| 
| 
| 
J 
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“RELATION BETWEEN PRESSURE AND TEMPERATURE OF SATURATED SO, FROM 
RANKINE’S EQUATION. 


den Press, persq.in. Press. per sq. ft. Press. per sq. in. Press. per sq. ft 
| 

—20 5.878 846.53 +65 45.029 6484.18 
15 6.604 950.99 70 49.554 7185.78 

—10 7.868 1133.10 7 54.418 7836 . 20 

— § 9.002 1296 .40 80 59.612 8584.08 

+ 0 10.300 14838 . 22 85 65.22 9892.58 

+ 5 11.741 1690.71 90 71.202 | 10258.13 

+10 13.344 1921.65 | 95 77.580 | 11171.65 
15 15.115 2176.59 100 84.380 | 12150.41 
20 17.067 2457.70 105 | 91.659 | 13191.89 
25 19.214 2766.81 | 110 99.255 | 14292.80 
30 21.568 - 3105.81 115 107.443 15471.83 
35 24.309 3476.63 120 116.076 | 16714.97 7 
40 26.953 3881.26 125 125.207 18029 .83 
45 30.764 4430.72 130 135 382 19487.83 
50 83.3384 | 4800.13 135 145.032 20884 .68 
55 36.934 5318.56 140 155.756 22428 .93 
60 40.828 5879.19 


Regnault found the volume of a gramme of this gas tobe _ 
0.34970 litre at atmospheric pressure at the temperature of 
melting ice, and to reduce to cubic feet, multiply by “eoate 
hence, 

PY 
0.34970 x 35.3161 


2.2046 


5.60188 cubic feet per pound; . (8) _ 


Yo 9 16.: x 5. 0 SS 


fo 492.66 


Regnault’s experiments show that pv for sulphur dioxide 
diminishes with decrease in volume ; hence we assume the equa- 


tion, PO SOT (10) 
~ 


a form which has been shown to be approximately correct for 
steam (7ransactions, Vol. X., p. 675). 

To find the constants in this equation, we must take values for 
» and v from the following table, containing pressures and vol- 
umes (relative) in French units. To reduce to English units, a 
ratio must be established between the relative volumes given by 
Regnault and the actual volumes desired. Since the gas is 


| 
| | 
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superheated at the temperature 1.7° C. = 35.06° Fahr. at whie h 
the experiments were made, the law, 


will hold with suflicient accuracy for a short distance on the 
curve 


RESULTS OF REGNAULT’S EXPERIMENTS ON THE ELASTICITY OF SO, 
THE CONSTANT TEMPERATURE 1.7 = 35.067 FAHR. 


Relative 


Ps. 
Repére vol. cu. ¢.m. 


Pressions. 


746.63 
781.89) (704.42) (597401) 
596691 
26 830.8: 595921 
5.84 SRO. 
16 036. 2! 594022 
92.83 949.6 592640 
.40 1071.78 590980 
509.98 1155.5: 
8.37 1285. 5TS766 
8.83 1224. | 586423 

. 28 1202 . 23 588213 


Sve Volume III., Relation des Ewpéricnces, page 25. 


PRESSURES AND VOLUMES IN TABLE III., REDUCED TO ENGLISH UNITS. 


TABLE IV, 


Pressure per q 
Marks on the Volumeperlb. | Pressnmre | Pressure square inch at | Difference o ft 
vertical scale. cubic feet. per square foot. per square inch. saturation from! pressures 
the table. 


735 2079.07 14.4 
60180) (2128.585) 14. 
438 2190.49 15.: 
142 2313 54 16. 
848 2451.07 17.0: 
549 2607.17 18. 
250 2783.71 19.3: 
953 2034.48 20.7: 
656 3217.69 
857 3540.88 25 . 
8410.25 | 28.6 
508 | (88.2 


~ 


_ Rr_ 24.06378 x 495.72 9198.585 


AT 
; 68 
64 
60 
52 
a 48 
44 
40 
36° 
38 
13.28 | 1.51 | 
64 13.98 1.28 
15.11 0.96 
56 16.08 
17.07 
48 18.35 0.97 
19.85 0.88 
21.57 0.78 
r 36 | 24,22 1.06 
37 23.18 0.55 
_ 38 22.57 0.68 
and p 
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in pounds per square foot ; or, in millimetres of mereury, 


760 
2128.585 x —. = 764.4159. 
9116.3 

To interpolate in the table for the corresponding volume, ¢ 
value for # must be found from the nearest pressure and 
volume ; viz., 


p 746.63, and » 800; also, 17 C. = 


pe _ 746.63 « 800 


then, 075.4 


This may be called a relative value of /?, since the value of » is 
relative ; then, 


— ltr _ 218.255 x 275.4 _ 396, 
764.42 


5.60188 
TSL.396 
tiplied into the volumes in the foregoing table to reduce them 
to cubic feet, and the pressures in pounds per square foot will 
2116.3 

760 

In this manner Table IV. was calculated. We are now pre- 
pared to find the constants in equation (10); viz., a, 4, and n, by 
taking three pairs of values of p and v from the table, 


Hence the required ratio is ; and this must be mul- 


be the millimetres into 


where p = 2079.07 ; v = 5.7358 ; .. pu = 11924.08 ; 

where p = 2783.71; v = 4.250; .. pv = 11830.76; 

where p = 8347.74; v = 3.5077; .. pu = 11742 86, 

Then, ra — = 1994.08 


Ta — —— = 11830.76, 
(4.25)" 


_11749.86, 
(oO. 


> 275.1 absolute 
| 
4 
» 
- 
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which by reduction becomes 
(24.376)" — (14.907)” 


(20.117)" — (14.907)" 


By trial, » was found to be 1.59. Substituting 1.59 for n, we 
get 
a = 23.87 and b = 2457.45, 


and equation (11) becomes 


2457.45 


1.59 


PY _ 


Therefore, equation (6) gives, for the latent heat of vaporiza- 
tion, 
2457.45) , 2 X 232659) 2.3026 
\ 23.87 ry) \ 1439 778° (15) 
For the state where 
= 5.60188, 
equation (14) will be 


23.87 2457.45 


and by substituting this in equation (3) we get 
/ 93.87 2457.45 1439 232659 
— )= 7.39136 — : 

°8\ 5 60188 (5.60188 ry, 


.. (by trial) 7 = 472.03°: and this value in equation (16) gives 
p = 1988.84 pounds per square foot. 
p and r in equation (15) give 


h, = 168.172 B.T.U. a > 
- For the state v = 2 on the curve of saturation, we find, 
= §796.574 pounds, 
h, = 151.227 B.T.U. 


~. ‘For the state v = 8 on the curve of saturation, we find, 
457.22°, 
- 1352.972 pounds, 
= 172.126 B.T.U. 


Assuming the form adopted by Regnault, 
= h=d+eT+/T, .. 
- 


te 
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the above results enable us to find the constants d, ¢, and /, and — 
the equation becomes 


h, = 171.26 — .256057 — 00187957", . . . (18) 


aus a more practical formula for the latent heat of vaporization 
ry . 

The column of latent heats in the general table was calculated 
- from this formula. Fig. 22 represents this formula. 


175 
170 
165 
S| 155) 
>| 145) 
| 
140 
=| 138) 
190 
El 
1 
| 
ig 
| 
= A105; 
| 
100, 
1 
95 
| | |Seale for tempe ratures in hee grees Fa hrenheit. 
99 


To find the specific volume of sulphur dioxide in the gaseous 
state we have, from thermodynamics, 


— 
] 
10 


146 


From equation (5), by differentiating, 


) 2 x 23265 

1439 + 232699") 9.3096 ; 

h, 778 

2 x 52659") 2.5026 


\ 


T 


The value of v, is given in equation (40), farther on. 

The column of specific volumes in the general table was cal- 
culated from formula (21). 

/sothermals of sulphur dioxide. If the vapor be saturated, the 
isothermal will be parallel to the axis of v. If the vapor be 
superheated, the equation will be (10), substituting values for the 
constants 


soon, 2487.45 
pe 25.87 


* Adiabatics of sulphur dioxide. If the vapor be saturated, the 
equation will be 


+ 
" rv = \c log . (2) 
T 74, 


where wu is the volume of the rth part of a pound of vapor and « 
the specific heat of liquid sulphur dioxide. 
If the vapor be superheated, substitute, in the general equation, 


‘dp’ 


d\ 

Ir/ 


/dp 
the value of (‘ P , from equation (10), and find, i= 
\dr/e 


a 
K,dt+r de. 


But d// = o, for adiabatic expansion, and (25) becomes 
a _dr dv 
K,dr = —1r—dv; or, K,— = -—a 
U T v 


T v 
then, K,, log log 


where 7, and v, are initial limits. 
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Regnault gives, as the specific heat of sulphur dioxide gas at 
constant pressure, 0.15438 (elation des Expériences, Vol. IL, page 
h, from thermodynamics, when the respec- 


146), and A,= K, 
tive specific heats are considered constant. 
= 

Equation (9) gives 2? = 24.06378, which in thermal units be- 


comes 
24.06378 + 778 = .03093 ; 
ae 


hence, at this state, 


k, — 15438 — .08093 = .12245 in thermal units. 


To find \ we have, in equation (27), "ih 


To obtain an equation between p and +, eliminate t from (10 


and (27), giving, for the adiabatic, 


A ) 

pe = ary 
6 v 


or, by substituting values for the constants, 


and p = 23.87 


‘Tr (Z \ 10,4214 


T 
’ 


the fast of which is in terms of p and 7 as variables. 
Speciic heat of the saturated vapor of sulphur dioxide. 


We have, for the specific heat : 


+ (see Wood’s Thermo., page 147). . (33) 


9. \, -24858 
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From equation (47), for the value of the specific heat of the 
liquid, 


_ From equation (18), 


h, = — 3.5284 + 1.03497 — .001387 


h, 3.52! 84 


1.0349 + .O0O138r. . 


T . 
By differentiating, we get 


the _ _ 9.95605 — 0.0027597" . 


1.0149 — 0.00276r. . 


temperatures in degrees Fa 
40 50 60 70 80 9 XxX 


. 
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Therefore, by substituting the values given from (34), (35), and 
(36), in equation (33), 


--3 8 8.5284 | 0.390 — 0.001377, . . . . . . (88) 


T 


which is negative for all ordinary temperatures, and hence will 
be classed with steam-like vapors. 

Density of liquid sulphur dioxide as compared with water. 
‘Table V. shows the results of a series of experiments by D’An- 
—dreéf on the specific gravity of liquid sulphur dioxide (Smith- 
sonian Wiscel/aneous Collections, Vol. XXXII, 1888), which ex- 
___- periments are plotted in Fig. 24. 


TAKEN FROM THE SMITHSONIAN “ MISCELLANEOUS COLLECTIONS,” VOL. XXXII 


Specific gravity. Temp. deg. C. | Temp. deg. Fahr. | Authority. 


1.42 Faraday, P.T., 189. 
1823. 
Bussy, P.A., 1237. 


4911 
2. 28 . 26 
2 31.5! 
452 + 2. 
4205 = 
.4102 
4017 
8769 
.3673 
.8537 
.3513 
.8415 
. 3850 
.8258 


6=a— bT 
=1.48402 0015659 7". . 


"he values for 6 in Table VI. were calculated from this formula, 


1 
1 
] 
These may be expressed by the formula : 
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and, assuming the volume of a pound of water to be 0.016 of 
a cubic foot, we have 
TABLE VI. 


Temp. 
deg. Fahr. 


20 

10) 


1.5: .01056 382% 01158 
1 .01061 .01164 
1 4997 01066 01171 

1.4840 01078 .B509 01184 
1.4762 .01084 .8451 01191 
1.4645 01092 . 8352 01198 
1.4605 .01096 01205 
1.45: 01101 8196 .01212 
1.444 01107 1.3118 01219 
1.4387 01113 1.3089 -01224 
1.4282 .011196 | 1.2961 .01234 
1.421: .01125 2! 1.2883 .01242 
1.413: .O1181 1.2804 01249 
1 57 01138 3: 1.2726 .01257 
1.3973 .01145 1.2648 01265 
1 


3901 .O1151 


= density. = volume. Temy é§=density. rg = volume, 


0.016 
1.48402 — .0015659 7, 1()) 


which gives sufficiently accurate values for temperatures from 
5° to 100° Fahr. The column of specific volumes in the gen- 
eral table was calculated from this formula. 

Specific heat of liquefied sulphur diovide. As an expression for 
the specific heat we have, from my paper on Some Properties o/ 
Ammonia, presented at the present meeting, 


) / 


dr d 
From equation (3) find, 
dp 


9.3096 | 1439 
dt 


465318 
T 


1.0149 + 0.002759r ; 


and from (32), changing dr to dr’, and dropping all subscripts in 
the right-hand member, find, 


dp 9.9157  25610.069 


3 
(42) 
| 


ii 
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These, substituted in equation (41), give, 
465318 2.3026 0.35651 
(1439 778 119.9157 — 


— 0.8602 + 0.0027597. . (45) 
Ww e om found for, 
0.906, 7 = 560.66, 7’ = 100° Fahr., = 12150.41. 
r = 519.96, 7’ = 59.3° Fahr., 5796.57, 
= 8 +r= 467.92, T= — 2.74 Fahr.,p = 1352.97. 
- 440.66, 7’ = —20° Fahr., 846.526. 


>), give for 


7 100 Fahr., c = 0.5511. 
1 59.3° Fahr., ¢ = 0.5058. 
T’ —2.74° Fahr., ¢ = 0.3957. 
T —20° Fahr., c = 0.3513. 


| 


The specific heat, according to these results, increases be- 
tween ~ and —2.74, at the rate of 0.00257 per degree Fahr., 
between —2.74 and 59.3, at the rate 0.00177, and between 59.3 
and 100, a the rate 0.00112, so that the rate of decrease of 
the specific heat decreases with increase of temperature, as it — 
ought for imperfect fluids. Assuming that the rate of change is 
linear, or : 

c= + b 
between — 20° Fahr. and 100° Fahr., and we find 
c= 0.3846 + 0.00166 7. 


But this will give values less than equation (45) for all tem- 
peratures between —20 and 100. Making the function pass” 
through 7’ = —2.74° Fahr. with the same slope, we have, at 
T= 0, 


ec = 0.3957 + 0.00166 » 


and for any temperature 7’, 


—— = 0.4002 + 0.00166 7. 


These, i 
q 
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The rate of increase is greater than has been found experi- 
mentally for any liquid. 


SATURATED SULPHUR DIOXIDE, 


| 
| Vol. of (Vol. of Weight 
vapor per liquid of acu. ft. 
ib. cu. ft. | per Ib, of vapor 
| v cu. ft, it 
ibs 
i 


Temp- Tem- Heat of 
erature, perature, Pressure, P ressure, Vuporiza 
Fahr. absolute, Ibs. per | ibs. per tion. 


hi 
J 


square foot. sq.in, Thermal 
units=he 


External heat. 


Thermal unit« 


440.66 845.526) -5.878175.829)13.487 162.342 1: 40572, .01056 .O8068 
445.66 950.986 .604 174.790 13.580 |161.2 .12000) .01061 09001 
450.66 >| 11383. 102 .868 173.683)13.754 159.8: $5485|.01066 10590 
455.66 | 1296.399 158.628 . 83867) .01070) 212008 
460.66 >| 1483.226 |157.269) 7.34900) .01078 .15627 
465.61 | 1690.709! .741/169.945, 14.095 5.85 ).49701).01084 (15418 
470.66 | 1921.648! 18.344 168.562)14.199 5.75960 .01092 17295 
475.66°| 2176.586) 15.115 167.109)14.281 11554).01096 19909 
.66°| 2457. 702 165.587 14.360 .55676).01101 21999 
85.66 | 2776.812 19.214/168.997) 14.480 -C6°59).01107 224645 
.66°| 3105.809) 21 568 162.3887 14.490 64071|.01118 .27551 
5.66 | 3476.6384 24 309 160.608 14.540 | .26692).01116 230724 
.66 | 8881.261) 26.9535 158.811 14.580 . 93377) .01125, .34217 
505.66 | 4430.718|) 30.764 196.944 14.609 .01181 . 38983 
.66 | 4800.128) 33.334 155.009) 14.627 }.01138! 42180 
515.667) 5818.562) .15218).01145) .46713 
20.66 5879.188 .828)150.931 14.630 94756) .01151 .51652 
.66°| 6484.184) 45.029) 148.788 14.614 76507 .01158 57029 
.66°| 7135.782) 60197) .01164 .62ss80 
35.66 | 7336.195) 54.418 )144. 297) 14.546 .45590; 01171) .69243 
-66°| 8584.079) 59.612) 142.447)14.544 . 82998) .01177) . 75861 
5.66°| 9392.581! 65.226/189.529 14.414 .10205!.01184) 2.88755 
550.66 (10253 .125 . 202/137 .042 14.339 .10022).01191| . 91886 
00381 .01198'1 00722 


wo 


55.66 11171.652 .580 134.485 14.257 120. 
560.66° 12150.406) 84.380 131.860 14.154 .706| 91822) .01205 1.10242 
565.66° 13191.894 .659 129.166)14.0381 115.185 83960 .01212'1. 2084) 
70.66 14292.799, 99.255'126.408/13.86 112.507 . 76858 .01219 1.382207 
.66° 15471.833 107.443 123 .570/13.746 .82 . 70344 .01224 1.44678 
.66° 16714.965 116.076 120.669 13.583 7.086 .64454 .01234 1.58177 
5.66 18029 .699 13.403 -296 .59077,.01242.1. 72904 
.66° 19487.829 135.322 114.670 13.206 . 58973 .01249)1 . 89668 
595.66 20884 678 145.082 .Y98 55 .49677, .01257)2. 06528 
22428 .933 15! 5.663 .45462 


It will be seen from Table IV. and from Fig. 23, that the iso- 
thermal of 35° Fahr., found experimentally by Regnault, is only 
from .055 to 1.51 pounds above the curve of saturation at corre- 
sponding volumes, and is limited between 3.50 and 5.73 cubic 
feet. These ranyes are foo small to give confidence in deduced 
values much above the highest or below the lowest; and partic- 
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ularly so inthe case of the specific heat of the liquid which in- 
volves so much refined analysis, and other deduced values. We 
therefore will find a value for it between volumes of 3.5 and 5.7 
cubic feet, say at 4.5 cubic feet, and consider the value as con- 
stant; this gives 


e=0414......... (48) 


If the superheated vapor be considered a perfect gas in estab- 
lishing equation (45), the resulting value of ¢ will be over 0.6 


| 
15), | 
| | 
(190. | | 
| | | | | | | 
| 
| 
= 
\100, | | | 
| | 
in. 12 
1 
in | 
7, |e NG 
t+ 
fo. | 
3 
150, z 
| 3 | 
| 
= | 
Scale for, volumes in cubic feet per pound. | 
Fig. 23, 
lor T= 100, and about the same as found for T = — 20 , 80 


that the rate of change would be somewhat greater than that 
given in equation (47). 


fr 
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By comparing this table with Table III., in the paper by 
Prof. Jacobus, it will be found that: 


Temperature deg. Fahr. Experimental, Wood, Difference. 


—10 170.20 173.68 3.48 


_ 0 165.06 171.26 6.20 
20 | 


152.07 165.58 13.51 


The difference between the experimental values and those of 
the writer increases too rapidly. Taking the rate of difference 
between the first two values, and determining the rate of de 
crease from the first and third of the above experiments, we may 
write the empirical formula, 


7, ....... (48) 


which will be sufficiently exact from — 15° Fahr. to 40° Fahr. 


| 
y 
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COCCXX.* 


THEORETICAL INVESTIGATION OF THE EFFICIENCY 
OF VAPOR ENGINES. 


BY DE VOLSON WOOD, HOBOKEN, N. J. 
(Member of the Society.) 


Ix the year 1884 Messrs. Gantt and Maury made an investiga- 
tion similar to that contained in this paper, but having discovered 
certain defects therein, especially in the case of ether, I desired to 
have the entire invéstigation reviewed, and for this purpose was © 
fortunate in securing the services of Messrs. J. ‘T’. Wescott and L. 
R. Mendoza, members of the graduating class of Stevens Institute 
of 1890, who made all the computations, and my labor consists 
chiefly of condensing, arranging, and editing their work. Some | 
of the methods and references are different from those of the 
previous investigators. The fluids considered are: steam (H,O), — 
alcohol (C,H,O), carbon disulphide (CS,), chloroform (CHC\,), 
ether (C,H,,O), and ammonia (NH,). All these, except ammonia, 
were investigated by Gantt and Maury. 

ie following notation will be used throughout this work : : 


7, = initial temperature in degrees Fahrenheit. ll 


4 
7’, = final temperature in degrees Fahrenheit. a 
= absolute initial temperature, 
~ | 


7, = final initial te mper: ature. 


= initial pressure in pounds per square foot. 


rect 


= final pressure in pounds per square foot. 
ery Me, the corresponding latent heats of evaporation of 1 ie” 
pound of the fluid in B. T. U. 


H,, = latent heats of 1 pound in foot pounds. 

L., I, = latent heats of 1 cubic foot in foot pounds. 

‘\,  W, = weights of 1 cubie foot of vapor. 

", 0; = volumes that the fluid would occupy if it we 
vapor. 

= initial and final actual volumes. 

AK = mean specific heat of the liquid between the tem-_ 

peratures 7, and 


*p 


resented at the Richmond meeting of the American Society of Mechanical 
Engiueers (1890), and part of V olume XII. “ the Transactions. 


: 
id 
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Wy» = total work of expansion. . 

= total work of compression. + 
H = the heat used in foot pounds. 

= efficiency. 


J = dynamic unit of heat 778 foot pounds. ate 


j 
In this case the fluids are worked in a Carnot’s cycle, and it is 
designed to show, by numerical solutions, that the efficiency is the 
same for each of the fluids when worked between the same limits 
of temperature 


Let Fig. 25 represent a cycle of Carnot, in which 1 represents 
the state of the fluid when it is all liquid, A? its path during 
isothermal expansion, /C’ the curve of adiabatic expansion, ('/) 
the line of isothermal compression, and A the path during adia- 
batic compression. 

In order to find the work done by any of the fluids during ex- 
pansion, it is necessary to derive an equation for the adiabatic 
BC. Tf the vapor be saturated, the equation is given in Wood's 
Thermodynamics, page 184, equation (a), as follows : 


a 


in which « is the fractional part of 1 pound of the fluid that has 
been converted into vapor, 2,7, = the volume of 1 pound of satu- 
rated vapor at the beginning of expansion, and zv = the volune 
of vapor at any point during expansion, the volume of the liquid |ve- 


ingneglectted. 
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If the fluid be all vapor at the beginning of expansion, z, = 1; 
and we have 


a T h 
= = \ K lod, +=) 
h, \ T 
If the fluid be all liquid at the beginning of expansion, x, = 0: 
and 


If the adiabatic is that of a superheated vapor, then it will 
follow approximately the law of a perfect gas, and its equation wi will 
be of the form 


= Uy \ — 
® 


where y is the ratio of the two specitic heats 
To find the work of expansion, 
We have (Fig. 25), 


= ABCFO = ABCE + 06 
apa’ 
but BCE = | udp and OC = 
p2 


. . 
By the aid of equation (1) we have 


Pi 
| udp = = (1 + log, 
pe a=; 


W BE + Jk 


Equation (3) is the expression for the work done by one pound 
f fluid, 


[f we consider the action of u, cubic feet, then equation (3) i 


= INVESTIGATION OF THE EFFICIENCY OF VAPOR ENGINES. 7 
Po 
oy 
= 
T 
2 .= 
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to be multiplied by w,~,; and this value substituted in (4) will 


If the fluid is all vapor at the point of cat-off, « 
substituting in (5), observing that w, //,, = Z,, we get 


We= SKwyr, — + loge" ) + prolly 


— To 
Ly 


This expression for the work of expansion is true for all vapors 
retaining the state of saturation during the adiabatic expansion. 
Liter will be given the equations for superheated vapors. 

To find the work of compre Ssion. 

If the fluid expands adiabatically from state A till its tempera- 
ture falls to 7,, the work done by it will be the same as the work 
done upon it when compressed, without transmission of heat from 


D to A. 
Therefore, making «, = 0 in (5), we obtain, 


Therefore, the effective work will be, 


, , — 83 
i Cc . . . (S) 


The heat used is the latent heat of evaporation of 1, cubic feet 
ef the fluid; or, 


being the efficiency of the perfect elementary engine, and equ 
tion (8) is the expression for the second law of thermodynamics. 


L; and 
4 
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Now we will proceed to find the numerical values of all the 
‘quantities that enter in the equations which we have established, 
and these values are tabulated at the end of this case. 

First, we will consider those saturated vapors whose specific 
heat is negative, or “steam-like ” vapors. 

We have selected for the initial and final temperatures the 


T, = 341.6° F. and 7, = 194 F.; 
T, = 802.26 5 1, = 654.66". 


To find the pressures corresponding to these temperatures, we 
have used Rankine’s formula for saturated vapors, which is, 
4 
logy Pp = - (11) 


in which A, 4, and ( are constants having the following values: 


{ log B loq C 
3.441474 5.583973 
8.6317 70 3.4721707 .4854446 


Carbon Disulphide. 7.4263 3.3274293 . 1344146 
Chloroform 4.3807 [This B is 3.288394 negative} 
Ammonia......... 8.4079 3.341682 


Making the corresponding substitutions in formula (11) we find 
the following values for the pressures : 


Pe 
Ibs. per sq. ft. lbs. per sq. ft. 
Steam 17408 1469 
Alcohol... 36450 3279 


Carbon Disulphide BO745 7269 qs er 


Chloroform 24871 
Ammonia 468700 118100 


Differentiating equation (11) we obtain, 


(= =) 
Substituting in this equation we get for the latent heats, 
Ly 
186905 20553 
Ale 881359 43791 
Carbon Disulphide 259844 a 64970 
Chloroform 136930 58358 
Ammonia 2954108 73561 


| 
| 
| 
1 
Alcohol ...... 
(12) 
} 
“4 
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To find the latent heats of evaporation per pound in B. T. U 
we have resorted to the following formula, 


in which a, ?, and ¢ are constants having the following values 
(reduced to British units from the corresponding metric values 
determined by Regnault) : > 
c 
0.6946 0,00002222 
0.92211 —0.000679 4 
Carbon Disulphide 164.57 0.0716 0.0002746 
Chloroform 0.093 0.000282 
0.613 0.000219 


Substituting in equation (13) we have, 


he, 
(Thermal units.) (Thermal! units.) 
Steam 873.59 978 .44 
Carbon Disulphide 108.07 : 140.34 
Chloroform 58.92 94.94 
Ammonia 820.54 428 . 34 


Multiplying these quantities by 778 (the dynamic unit of heat), 

we obtain, : 
He, 


(Foot pounds.) (Foot 
Steam 679653 761226 
Carbon Disulphide 84077 109188 
~Chiloreform 45843 73867 


Ammonia 249383 333246 


The weight of 1 cubic foot of saturated vapor is the ratio of the 
two latent heats; 


From this we 
Dy 
(Weight in 1 cu. ft.) (Weizht in 1 cu. ft.) 

Alcohol 0.151 
Carbon Disulphide 091 0.595 
Chloroform 2.978 : 0.722 


The amount of heat to be used in this case will be made the 
same for each of the fluids, and equal to the amount of heat 


13) 
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necessary to evaporate 1 eubic foot of steam at the temperature 


341°.6 F. r=? 


Let the fluid be all vapor at 7? (Fig. 25); then, since the heat — 7 


used is //, the volume occupied by the vapor at that point will be 


(16) 


This equation gives the following values : 


Steam Alcohol Carb, Dis. Chloroform \mmonia. 
1 0.49 0.719 1.565 0.063 


If the vapor did not condense during expansion, then its volume 
at the end of the expansion would be 


Wo 
which gives | 
Steam Aicohol Carb. Dis. Chloroform. Ammonia 
i. = 10.185 5.519 3.734 5.647 0.285 

But in yapors whose specific heat is negative there is a partial | 3 

condensation during adiabatic expansion, and therefore the volume | 
oceupied by the fluid at the end of the expansion will be less — 

than 


To find this actual volume we make use of formula (2), from 
which we derive the following values : 


Steam. Alcohol. Carb. Dis. Chloroform. Ammonia 
“, = 8.380 5.39 3.26 4.80 0.26 


Comparing these results with the preceding shows that the 
condensation of vapor due only to expansion will be, in per cent. 
of the original mass, 


Steam, 


Alcohol. Carb. Dis. Chloroform. Ammonia. 
18,4, 23, 18 15 9 

This does not inelude the initial condensation, nor, indeed, any 
effect, whether of condensation or of reévaporation due to the 
transmission of heat through the walls of the eylinder. 

It was not observed by the computers until after the work was 
completed, that between the limits of temperature used in this 7 
case the specific heat of the saturated vapor of ammonia is pos- 
tive, and hence for these limits it should be classed with “ether- 


like” vapors. Thave shown that the specific heat of the satu- 


7 
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rated vapor of ammonia is positive for temperatures above 95° F. 
(Thermodynamics, p. 335). The discussion of the ether engine, 
further on, will show how ammonia vapor should have been 
treated. 

The total heat of a liquid at 7° is the number of B.T.U. neces- 
sary to raise the temperature of 1 pound of the liquid from that of 
melting ice to 7°. This total heat has been determined by Reg- 
nault at atmospheric pressure, and is given in B.U. in equation — 
(4), p. 407, Wood's Thermodynamics, as follows : 


at... . (18) 


~The specific heat at any temperature will be the differential co- 
efficient of the preceding equation. 


dt 


If ¢ is the temperature in degrees F., the constants will have 
the following values : 7 


ad 
Steam. ... .99957333 0.000002222 0 .0000000926 
Alcohol .50954200 0.00056407 0.000000617284 
Carbon Disulphide .9. 2323140 0.00004555 0. 0000000000 
Chloroform .2305470 0.00002817 0.00000000 
Ammonia* 


Substituting the corresponding values in equation (19) we get 
for the mean value of A between 7, and r., 


Steam Alcohol Carb. Dis. Chioroform. Ammonis, 


K= 1 0.954 0.257 0.245 1} 


Having found the values of the quantities entering the equa- 
tion of works we are now ready to substitute them in (6) and (‘), 


and have 
" 
Steam 15932 
Carbon Disulphide........... 64538. 30147 
Chloroform .- 718438 87452 
Ammonia 72222 387831 


* The constants for ammonia are not known. 

+ It is accurate enough to consider the specific heat of liquid ammonia as 
constant and equal to 1. Since this was written the specific heat of |\;uid 
ammonia has been found to be 1.229. (See writer’s second paper on Some Pro 
perties of Ammonia, in this volume.) 


| 
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~The difference of these two works is the effec ‘tive w ork, and is 
civen by equation (8), 


.. Effective work = 34391, . . . . (20) 
which is the same for all the fluids, since the same quantity of 


heat is worked between the same limits of temperature. 


Less 
From (20) and (15) we get 


18.4 per cent., 
which is evidently the same for all the fluids. 

We will now consider ether, the specific heat of whose saturated 
vapor 1s positive. 

As we have supposed that the fluid is all vapor at the point of 
cut-off, this vapor, when ether, will superheat during adiabatic 
expansion, and the equation to the curve of expansion will be of 
the form, 


a 
where A = Ke being obtained from an equation for saturated 
\, 


vapors of the form 


the constants a and / being determined by experiment. (7rans- 
actions, Vol. X., p. 673.) 

As these constants for ether are not known, we have used for- 
mula (3") which is accurate enough for our purpose. 


A Bye 


*al 


The annexed figure (Fig. 26) gives the path of ether, when worked 
in Carnot’s eyele. BC shows the adiabatic of superheated vapor, 
() the isothermal of superheated vapor, D’D the isothermal of 
saturated ie and DA the aif of adiabatic compression, 


= 


164 INVESTIGATION OF THE EFFICIENCY OF VAPOR ENGINES. i ; 


_ The total work done during expansion is ABG'O + BCFG’; 
and that done during compression is CF/"D' + D'F'OE' + 
EDA, 

Let EF and £LD=4;; 


then (using the same notation as before for the other quantities) 
we have 


Uy 


_ Us / T 
= Pir log + Pars + JShA + lode | 


| For adiabatics of perfect gases we have oe 
Pra” 


uy 


u,\r-1 


To find the values of the quantities entering these equations 
we have proceeded in the following manner : 
Eq. (11) gives p, = 55350, p, = 10850. 
(12) = 391782, ZL, = 97642. 
(13) = 99.49, = 143.98. 
e, = 17341, H,., = 112032. 
(14) = 5.065, 
(16) “ = 0.476. 
(19) A= 0.606. 
(26) “ 1440. 
14938800 
_kp_ 4797 _ 
1.0588 


Substituting the above values in equations (24) and (25), we get 
Ws = 115000, We = 80609. 


| 
(26) 
al 
"1 
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Therefore, 
Effective work = Wy, — W, = 34891, 


ee is the same as that before found, equation (20). 
The heat used being the same for the six fluids under con- 
sideration, the efficiency will be the same as before, ic., 
/’= 18.4 per cent. 
‘This case presents many points of interest. We have not been 
able, by means of equations (24), (25), and (9), to deduce the last 
member of equation (10). The final numerical result being 18.4, 
as in the other cases, shows that the constants. A’ and y, involv- 
ing the specific heats of the liquid and of the gas, must have been 
accurately determined. 
Assuming the equation 


the reduction gives a peculiar and complex relation between the 
three specific heats—the specific heat of the liquid, A, and the 
ratio of the specific heat of the vapor at constant pressure to that 
at constant volume. 

To illustrate this case more thoroughly, we will plot an indica- 
tor card for each fluid. 

In order to do this we must determine at least two more points 
on the expansion curve, and the point where adiabatic compres- 
sion begins. In the case of ether we must also determine the 
point on the path of isothermal compression where the vapor 
passes from the superheated state to that of saturation. 

We have taken two intermediate temperatures between 7) and 


7, which we eall 7” and 7”. Take 
= 300°, 7" = 250°: .-. r' = 760.66°, 1” = 710.66°. 


The pressures, p’ and p', corresponding to these temperatures, 
are obtained by means of equations (11) and (26), and are given 
in ‘l'able T. 

The abscissas of these points, and are determined by 
means of equations (2) and (27). 


= 


| | 
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The point D (Figs. 25 and 26), or us, where adiabatic compres- 
sion begins, is found from equation (3). 

To obtain the point J’ (Fig. 26) for ether, combining (11) and 
the equation of the isothermal, pu = p,%, we have 


u, = 1.982. 


- Having these points, we can draw approximately the indicator 
diagrams for each fluid, thus showing the work done by each of 
the vapors in question. 

Table I. contains all the given and computed quantities of the 
ease, and Fig. 27 gives the ideal indicator diagrams. 
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CASE Ll. 

Case I. is never realized, even approximately, in practice, and 
in Case II. we take a step toward actual conditions, by assuming 
that the cylinder communicates with a condenser, that the exhaust 
is not opened until the end of the stroke, and that it remains open 
throughout the back stroke, in which case there will be no com- 
pression. We assume the same initial temperature as in Case L., 

and let the temperature of the condenser be 
The pressures of the saturated vapors corresponding to this 
temperature are given by equation (21), and the results are given 
ts 
in Table I. 
’ Paral 
W= ABCE+ ECGH | 
udp + Uz Ps 


This equation is true for all fluids whose specific heat is nega- 
tive. 
For vapors whose specific heat is positive, like ether, we have 
(Fig. 26), 
W=ABG'O + BUFG'— HGFO.. (30 


The sum of the first and second terms of (30) is equal to the 
second member of equation (24); and MWGFO = wp; ; 


1 — 


The heat used for any of the fluids in question will be obtained 


from the formula 


H= JShwyu,(T, — + Lym. 

To make the comparison more complete, we will find the 
relative sizes of the cylinders to produce the same power. 

Let V be the volume of the cylinder in cubic feet, W'= tue 

work done by steam, ~', = the volume of the cylinder required to 


= 
) 
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produce the work W’, Wand uw, the corresponding quantities for 
any other fluid; then we have 


aud if we eall the volume of the cylinder in the case of water 
unity, and Jf the relative size of the other cylinders, we obtain 


M = 
4 Wow, ) 
‘Fig. 28 contains the ideal indicator diagrams. It will be ob- 
served that the ether is expanded to a pressure lower than that of 

the condenser. 
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CASE III. 


Thus far the same limits of temperature have been assigned. 
In this case we assign the same limits of presswre for all the fluids 
between which they are expanded, and the temperature of the 
condenser is assumed at 104° F. as before. This temperature 
being less than the final temperatures in the case of sulphur diox- 
ide and ammonia, gives peculiar results, more especially in thie 
case of the latter, in which the pressure of the boiler is less than 
hat of the condenser, as shown and explained further on. We 
assume pressures between which steam is often worked in ordi- 
nary practice. The pressures assumed are: 

p = 1740s lbs. per square foot = 121.6 lbs. per square inch 

(nearly). 
- Pp, = 1469 lbs. per square foot = 10.2 lbs. per square inch. 


_ The remaining values are to be found from the formulas already 
established in the preceding cases, and are given in Table ITI. 

A plate of diagrams illustrating this case is also given at the 
end of this case (Fig. 29). 

The results found for ammonia in this case are unpractical and 
differ greatly from the other values, this difference being inter- 
preted in the following manner : 

The pressure of the condenser being greater than that of the 
boiler, will necessitate the use of another engine driven by the con- 
denser to work the one under consideration, and the efficiency 
165% which we have obtained is that of the outside engine 
or condenser, being one and sixty-five hundredths more efficient 
than our considered engine. The first case of ammonia engine 
considered is virtually a compressor. We have added a second 
case of the ammonia engine, in which the inferior limit of pressure 
is P, = 10374 and the corresponding temperature is 39.34° F., and 
also have taken the temperature of the condenser at the inferior 
limit of the temperature of expansion, 89.34° F. Although this 
temperature is too low to be realized in practice, except by arti- 
ficial means, yet it furnishes a better means of comparison than 
the other hypothetical cases of this fluid. 

Attention is called to the relative sizes of the cylinders in 
working the several fluids as shown in the column marked M. It 
appears that, excluding ammonia, of all the vapors considered the 
vapor of water requires the smallest cylinder, and the efficiency of 


this fluid is also greatest, as shown in column marked EL 
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The effect of condensation would modify the efficiencies, also 
compression to fill the clearance space in actual engines would 
modify the efficiency a small amount ; still, considering the size of 


80000 


4 


the engine, the cost of construction, the cost of the fluid, and the 
facility and safety in handling, it is safe to conclude that water is 
by. far the best medium of the substances considered for transform- 
ing heat into power. 
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COCCXXI* 


HEAT TRANSMISSION THROUGH CAST-IPON PLATES 
PICKLED IN NITRIC ACID. 
RY R. CARPENTER, ITHACA, N. Y. 
: 

(Member of the Society.) 

Durine the past seasofi the writer made some experiments 
to ascertain the relative heat transmission through cast-iron 
plates in the condition left by the foundry, as compared with 
the same plates treated with dilute nitric acid for periods 
respectively of 9, 18, and 40 days, the acid baths not being 
strengthened during the period of immersion of the plates. The 
results show a marked change in the conducting power of the 
plates, due to prolonged treatment with dilute nitrie acid, and 
would indicate that a decidedly beneficial effect might be ex- 
pected by treating the castings of steam-engine cylinders in such 
a bath. 

The action of the nitric acid, by dissolving the free iron and not 
attacking the carbon, forms a protecting surface to the iron, which 
is largely composed of carbon; in the plates actually treated, om 
surface was converted into a black enamel, and the other covered 
with a large amount of rust, which difference, as yet, has not bee: 
accounted for. The investigation was made at the request of Dr. 
R. H. Thurston, and it is proposed to continue it under various 
conditions and with improved facilities. 

The effect of covering cast-iron surfaces with varnish had been 
previously investigated, under the direction of Dr. Thurston, by 
Mr. P. M. Chamberlain. He subjected the plate to the action of 
strong acid for a few hours, and then applied a non-conducting 
varnish. By simple treatment with acids, under such conditions, 
he found no especial difference in the conductivity of the plates, 
but the same plates subsequently oiled with a drying oil and then 
varnished, showed a remarkable decrease in conducting power. 
In the experiment by Mr. Chamberlain, one side of the plate was 
polished, the other rough lathe finished. The following table ex- 
hibits his results, one surface only treated : 


* Presented at the Richmond meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XII. of the 7ransactions. 
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Heat Units 


Total 
No ot Tinite Per foot 
of — per hour, | 
Test. each de- 
5590.9 170 As finished —greasy. 
12 0565.4 ug Kd 
( 3 5444.2 165 ie 5s washed clean with benzine and dried 
5 055.8 152 +s “ 
16 5923.0 169 Oiled with lubricating oil. 
173 Washed clean with benzine. 
, 10 5101.9 162 After exposure to nitric acid sixteen hours, then oiled, linseed oil. 
(15 3020.4 113 “5 ‘** sulphuric acid 1, water 2. for 48 hours, then oiled, 
116 3104.9 lt varnished, and allowed to dry for 24 hours. 


Nore.—The last colunin was computed from Chamberlain’s data. 1: shows 
about 50¢ greater conductivity than obtained by the writer with cast-iron with 
the foundry skin not removed. From the different methods of inve-tigation the 
results are probably not directly comparable. 

In above tests, 7 — 7 equals about 235°. 

In making the following experiments, a series of cast-iron plates 
was obtained, each cast at the same heat and from the same pat- 
tern, each measuring 8.4 inches by 5.4 inches by .45 inch thick. 

A bottle of concentrated nitric acid was obtained and two 
solutions in rain water were made—the first containing 1¢ of 
nitric acid by measurement, the second 5% of nitric acid. In 
each of these solutions three of the cast-iron plates were placed. 
The plates were immersed in a horizontal position, and separated 
from each other by small blocks at the corners, so as to permit a 
free action of the acid. The solution was shaken and left for some 
time in an inclined position to permit any air beneath the plates 
to escape. 

The plates were left in these solutions, respectively, 9 days, 
1s days, and 40 days, at which time a test of the relative con- 
ducting power was made. A test was also made of the relative 
conducting power of a plate of cast-iron of the same dimensions 
and not treated in any way, and also of a plate of pine wood of 
same dimensions as the cast-iron plates. 

The following method of testing the relative conducting power 
of the plates was adopted, after several trials, and proved quite 
satisfactory. A box, shown in section in Fig. 3!, was made of 
hoards an inch thick, with internal dimensions 8.5 by 5.5 inches 
aud 6.5 inches deep. Near the centre of the box and extending 
completely around on the inside, a strip of wood § by } inch was 
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rabbeted in place, as shown in the sketch. The top of this strip, 
marked /) in Fig. 31, was made accurately parallel to the top of 
the box, and neatly fitted in place. A gasket of rubber packing 
was fitted to the projecting top of this strip. ‘Two frames, made 
of hard wood, with a horizontal piece about one inch square, were 
securely fastened to the box, as shown in Figs. 31 and 32. From 
the horizontal piece, G, of each frame, two braces, ////, were set 
with the lower ends resting on the plates to be tested. These 
braces were cut of such a length that by forcing them into nearly 
a vertical position, a strong pressure was made to act on the 
corners of the plate to be tested, and no difficulty was found in 
producing a steam-tight joint. The plate to be te ste <d was intro- 

ue 26s 

san 
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Water 


ts 


duced in the box as shown in the sketch, thus forming a hori- 
zontal partition, 7). Into the portion of the box below the plate 
a one-quarter-inch pipe, /, was introduced, terminating near thie 
centre of the box; this pipe was connected by a rubber hose to a 
steam supply; on the opposite side and near the bottom of the 
box was inserted a one-half-inch nipple, 7, for the discharge of 
the condensed steam. A thermometer, BD, was inserted in the 
steam chamber as shown in the sketch, and maintained in the 
same position during all the tests. Water was put in the box 
above the plate and the heat transmitted through the plate was 
measured by the increase in temperature of this water. To 
measure the temperature of the water, a thermometer, shown at 
A in sketch, was held in position by a cross-piece of one of the 
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frames, the thermometer being kept with its bulb immersed and 
in the same position throughout all the tests by maintaining a 


mark ou the stem opposite the lower edge of the cross-piece. ‘ 
In making a test, the plate was first put in position, the box 
levelled, and steam turned on in the pipe /) with pipe /’ closed, : 


until it was ascertained that there were no steam leaks around the 
edge of the plate. Steam was then turned off in pipe /, pipe / 


opened, the water was added in the chamber above the plate 
until it passed off in the overtlow pipe Z. Steam was then admit-. 
ted through the pipe /, and as soon as the water above the plate 
reached a temperature of about 70°, readings of bot thermome- 
ters were taken, and continued each minute until the water at- 
tained a temperature of about 150°. The temperature in the steam 
chamber could not be maintained quite uniform, as shown by 
the readings of the thermometer /. There was also a slight 
variation in the degree of temperature at the beginning and ends 
of the different tests, but not enough to make any material differ- 
ence in the results attained. The process used being exactly 


duplicated for each plate tested, gives the comparative transmis- 
sion of heat for each plate, but does not give with exactness the 
number of thermal units transmitted, because of our ignorance of 
the currents existing in the water chamber. Assuming no hori- 
zontal currents to exist, which is probably true, the average num- 
ber of thermal units transmitted per inch of surface is equal to 
the weight of the water, 3.125 lbs., divided by the exposed 
surface of the plate, 38.7 square inches, multiplied by the rise in 
temperature ; or .0807, multiplied by the rise in temperature of the 
water. 

This can be reduced to thermal units transmitted per square 
foot per hour as follows, neglecting the coefficient of the internal 
thermal resistance. 
Letting 

5 

A’ represent the number of thermal units transmitted per 
hour for each degree that temperature of steam chamber 
exceeds that of the water chamber, 

7 represent the average temperature of the steam chamber, 

r represent the average temperature of the water receiving __ 
heat, 

« represent the effective area of the plate in square feet = .27 
sq. ft., 

« = weight in pounds of the water heated = 3.125 lbs., 
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( = average gain of temperature of w. per minute, 
g = average gain of temperature of w. per hour = 60 w, 


Then (r —1) ak = = 60 Gw 


60 Gw G 


— — 694. 
A ( 4.4 


(r—T)u —T 


Radiation into the atmosphere from the surface of the water 
exposed can be neglected, as time of heating was very short. 

In the proposed investigations of other conditions, relating to 
the transmission of heat, the temperatures in the steam chamber 
and water chamber will be kept constant, and the heat units 
measured by the weight of water heated in a given time. 

In Mr. Chamberlain’s investigation no change in the conducting 
power was noticed until the 
plates were varnished, when the 
conducting power was reduced 


33¢. In the investigation made 


by the writer the loss of con- 


110 
100 
ducting power of the plates im- 
mersed in the 1% solution of the 9 
acil varied directly with the | 


time of immersion up to eigh- 


e e .T.U. per square foot per hour, 
teen days, after which it re- Ordinates.—| | = 


rm. Days of immersion as Abcissa.| 
mained nearly constant. This 


10 20 90 40 days 
is best shown in the diagram | ; | 
appended (Fig. 33). Those | 
plates immersed in the 5% solu- 
tion showed a greater loss of 
conduetivity for a short time of immersion, but at the end of forty 
days the result from either solution was substantially the same. 

These changes are clearly shown in the diagram following the 
article, and in the following summary of results, as well as in the 
appended tables. 
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SUMMARY OF 


RESULTS. 


“ 


Average, | 


Character of Plates, each plate 8.4 inches by 5.4 TEMBEFature Of | Cich degree of | transmission 
inches, exposed surface, .27 square foot, difference of 
minute. temperature per heat. 


free from rust 
Cast iron—nitrie acid, 14 


Plate pine wood same 
ca-t iron. 


Cast iron—untreated skin on, but clean, 
sol., 9 days... 11.5 86.3 
17 18 days. .| 9.7 80.08 70.5 
“ 1¢ sol., 40 days. . 9.6 77.8 68.7 
5¢ sol., 9 days... 9.93 &7 0 %.8 
sol., 40 days. .| 10.6 17.4 68.5 
0.33 1.9 1.6 


AVERAGE RESULTS OF TRANSMISSION TRIALS OF HEAT 


== r’ \difference) Thermal 
No.of | LE | Average | tempera units for 
“Test =. Tempera. ture, each degree 
=> | Water, | chamber per square 
| and foot per 
12.6 115.5 91.8 107.5 \Clean cast-iron plate. 
13.6 123 6 S44 113.4 
1834 86.4 | 118.5 <4 
| 11.6 27.5 81.5 97.6 ‘Plate pickled 9 days in 1¢ solution nitric acid. 
12.6 127.0 81.1 103.9 
9.7 
9.8{ 118.7 83.7 79.24 Plate pickled 1S days in 1¢ solution nitric acid. 
W.2} 1233 83.00 
9.7 118.9 86.0 78.00 
80.08 
9.4 119.2 88.4 73.5 Plate pickled 40 days in 1% solution nitric acid. 
9.7 128.7 80.3 88.17 |Plate pickled 9 days in 5¢ solution nitric acid. 
4) 120.0 74.6 87 5 
121, 85.2 


Proportionate | 
thermal units | 


Increase in 


ature of | anemitted for Relative 


square foot per 
hour. 


* Approximately, 


- 
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Plates .45 thick. 


Relative 
number of 


Averave 


| 


Plate pickled 18 days in 5¢ solution nitric acid. 
These results were unfortunately lost, but did 
not differ much from 80.0 thermal units. 
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| 
1 10.9 117.9 | 92.6 | 80.3 Plate pickled in 5% solution nitric acid 40 days, 
119.2 | 9.8 | 95.7 
98] 120.5 | 87.7 | 7.8 
| | | 
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DISCUSSION. 


Prof. Jas. E. Denton.—There is a remark in the paper which 
indicates that it is believed that these tests, showing differences 
in conduction, apply to the phenomenon of cylinder condens: - 
tion in steam-engines. It strikes me as peculiar that they can 
be conducted as they are, in that case. What is reported is a 
test for the conduction of heat through a plate like a surface 
condenser. Now we know that in steam-engines, if itis true that 
the walls of the cylinder at the cut-off are responsible for the 
cylinder condensation, it follows that the rate of transmission 
of heat to and from a square foot of surface, which the heat is 
supposed to enter but not to traverse, is many times the greatest 
possible ainount we can send through metal in surface con- 
densers. I do not see, therefore, how any measure of the effect 
of the acid regarding cylinder condensation can be made by 
measuring the steady flow of heat clear through the metal. 
Again, would not the removal of the skin of the coating by 
boring destroy any influence due to pickling ? 

Referring to previous attempts to reduce cylinder condensi- 
tion, lam reminded of that engineer who noticed that bismuth was 
a metal which had low specific heat, low conducting power, ete., 
and had, in fact, all the physical properties which would recom- 
mend it for putting on a cylinder head and piston head, and there- 
by reducing the cylinder condensation. He fitted up an engine to 
try it; putting the metal on the piston and cylinder heads. Bis- 
muth has a melting point of about 400 , but it turned out that it 
had a plastic point of about 220 ; consequently it came out with: 
the exhaust after a few strokes. Then he dove-tailed it in, but 
still it melted out. I believe the Westinghouse firm went to 
some pains once to put porcelain on the cylinder head and 
piston, but no definite results were gotten from it. The difficulty 
is to keep the steam from getting under the plate. If it gets 
under the plate you have twice as many surfaces as_ before. 
This varnish will have to get into the pores pretty closely to 
prevent the steam getting there also. 

Mr. Wm. Kent.—Prof. Carpenter’s results may “ indicate,” as he 
says, that a beneficial effect might be expected by treating the 
vastings of steam-engine cylinders in a dilute nitric-acid hath, 
but the experiments do not go far enough to make the indication 
a very strong one, and it is to be desired that the tests should 
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be carried further under conditions which more nearly approxi- 
mate those existing in steam-engine cylinders. I beg to offer 
the following remarks upon his method of test: 

1. The untreated cast-iron plate with the skin on does not 
represent the condition of the inside of a cylinder, which first 
has the skin taken off, then is bored as smooth as possible, and 
“nally is polished by the action of ‘the piston under the condi- 
tions of high temperature and lubrication with oil and hot 
water. 

2. If a cylinder, after being bored smooth, were treated with a 
pickling solution for forty days, and the carbon coating formed, 
it is not certain that the changed condition of the surface, or 
that portion or layerof the surface which has any important 
effect in varying the heat transmission, is any more than “ skin 
deep,” and that such layer will not be worn off, or at least 
changed again by the action of the piston to the condition of 
the surface of a cylinder not so treated. 

3. The particular losses of heat in a steam-engine, to lessen 
which is apparently the object of the treatment, is not the hea: 
lost by transmission through the walls of the cylinder (which 
may be lessened by felting the outside), but the loss by cylinder 
condensation, due to surface action inside ; that is, to the heat 
given to the surface, or, probably, to a thin layer of the metal, 
during admission and abstracted therefrom during exhaust, the 
temperature varying with every reciprocation of the piston. 
These conditions are not represented by a cast-iron plate exposed 
on one side to steam of a constant temperature, and on the other 
to water of gradually increasing temperature. 

[ doubt if the conditions existing in the steam-engine can be 
imitated properly by an extemporized apparatus. Two actual 
steam-engine cylinders should be used, one treated and one 
untreated, and the test should be made under the conditions of 
actual practice, after both cylinders had been run for a consider- 
able time so as to become polished as in actual service. 

Prof. Carpenter's tests, however, are of great value in inform- 
ing us that the rate of transmission of heat through a metal 
plate may be greatly changed by a simple treatment of its sur- 
face, and they may lead to important practical results in other 
directions than in treating steam-engine cylinders. Suppose, for 
iustance, that boiler-plates and steam-pipes can be treated so as 
to diminish their heat conductivity, we might be able to save 
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some of the felting needed for the outside of vertical tubuiar 
and locomotive boiler shells and for steam-pipes. Suppose, by 


some other treatment, we can increase the conductivity of plates 
and tubes, we can make a square foot of heating surface of a 
boiler, a feed-water heater, a surface condenser, or a steam- 
radiator more efficient than it is at present, and so reduce the 
area required to produce a given effect, and, hence, the cost of 
these appliances. The subject offers a most promising field for 
experimental research, and it is to be hoped that Prof. Carpen- 
ter and others will continue experiments upon it until more 
definite results are reached than we have at present. 

Mr. W. M. Mc Farland.—It is, of course, understood that the 
nitric-acid treatment of cast-iron plates is part of Prof. Thur- 
ston’s patent for preventing cylinder condensation, the remain- 
der being the use of a gum or resin of some sort for filling the 
interstices left by the dissolution of the iron from among the 
carbon particles 

Owing to my position as one of the assistants to the Engineer- 
in-Chief of the Navy, I recently conducted a correspondence for 
him with Dr. Thurston in consequence of his request that the 
Bureau of Steam Engineering should make a test of his patent 
on an engine of sufficient size to make it more than a laboratory 
experiment. 

Commodore Melville, who is always ready to encourage any 
device which promises economy or an increase of efficiency, 
looked into the matter very carefully with a desire to make the 
test on as large a scale as practicable. Unfortunately, nearly all 
our engines are building by contract, and it could hardly be 
expected that the contractors, who are working under the risk of 
heavy penalties both for time and for results, should be willing to 
undertake a thing which is still in the experimental stage. For 
similar reasons, it was impracticable to make the experiment with 
the engines which we are building ourselves at the New York Navy 
Yard, because we are, to a certain extent, competing with the 
contract work as to time and cost, and are handicapped by yet- 
ting only eight hours’ work while they get ten for the same wages. 

However, we are building a small triple-expansion engine for 
a ferry-boat at the Portsmouth Navy Yard, with a low-pressure 
cylinder 16 inches diameter by 10 inches stroke, and Commo:ore 
Melville wrote to Dr. Thurston that he was willing to try the 
experiment on that engine under certain conditions. These were 
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that Dr. Thurston should indicate how long the plates should be 
pickled, how dee p the non-conducting layer should be, what gum 
or resin to use—in fact, give all necessary instructions for carry- 
ing out his patent; and then indicate what series of experiments 
he would want so far as steam-pressures and ranges of expansion 
were concerned. With these data, an effort would be made to 
carry out the experiment. I am free to say that I was very much 
interested in the whole scheme and anxious to see it carried 
out. 

In his reply, Dr. Thurston unfortunately outlined such an elab- 
orate series of experiments that it would practically have made 
it necessary to lay up the boat and devote the engine to these 
experiments. Our iglea had been that the experiments would be 
something like this: After having the engine treated according 
to this process, we intended, as opportunity offered, to make tests 
lasting 10 or 12 hours each with various steam-pressures and 
grades of expansion, determining carefully the steam used per 
horse-power and the coal per horse-power, as well as the dryness 
of the steam. By comparison of these records with those of 
other engines of about the same size and working under nearly 
the same conditions, except that they had not been treated by 
the Thurston process, we would be ‘able to find whether there 
was any marked gain. If it should turn out that there was a 
saving of, say, 25%, we would be justified in going ahead with elab- 
orate experiments to determine the best way to pro- 
cess. If, on the contrary, there was a gain of only 2 or 3¢ ora 
- loss, then there would be nothing further to bother about. 

Dr. Thurston’s desire for an elaborate series of tests (though 
he has since ex xpressed himself as satisfied with the ones we pro- 
posed) makes it uncertain whether the experiment will be carried 
out. I hope it will be. 

[ should be glad to hear an expression of opinion from other 
members of the Society as to the sufficiency of the series of tests 
[ have outlined—not for determining the best way to apply the 
process, but whether its merits are such as to make it at all 
desirable. 

Mr. Re. C. Carpenter.*—Taking the points brought out during 
the discussion in their order, as presented, it is easy to relieve 
the speakers of any misapprehensions and to supply all needed 
points ulditional to those already given. 


* Author's Closure, under the Rules, 
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The first speaker in order does not understand how these facts 
bear on the subject of “cylinder condensation.” That is a very 
simple matter, and I will explain. It is true, as he states, that 
this condensation oecurs on the interior surface of the cylinder ; 
that it may take place in immense quantity; and that its rate 
may greatly exceed that of condensation in the surface con- 
denser, in which apparatus the heat must be carried through 
the walls of the condensing surfaces, instead, as in the engine, 
being simply stored in a superficial film of metal for the 
moment, and restored to the steam later. It is further true 
that the finishing of the cylinder, by boring or otherwise, would 
remove any such surface as might be produced by the process 
here under discussion. It is also true that, if “ this varnish ” 
does not “get into the pores pretty closely’ it will probably 
have comparatively small effect. 

As to the first point : Whatever process of treatment reduces 
the conductivity and the heat-storing power of the condensing 
surfaces of the engine-cylinder, must reduce correspondingly its 
wastes by cylinder condensation. The process described does 
precisely this thing. It reduces the heat-conducting power, as 
seen in these particular cases, some 40%. This is proved by the 
experiments described ; for it is well known, and is so stated by 
all authorities, that the resistance to flow is measured, in such 
cases, mainly by the resistance of the surface, and not by the 
interior resistance of the metal. Rankine, for example, shows 
this. Any reduced flow, in this case, must therefore be due to 
reduced conductivity of the surface treated ; since it is on that 
treated surface, in the engine, that absorption of heat would 
oceur. It is fairly concluded that such application in the engine 
would proportionally reduce its wastes by cylinder condensation. 
Further, the heat-storing power is in part measured by the 
specific heat per unit of volume of metal absorbing heat from 
the steam. This is reduced by the solution of the metal, leaving 
the residue, which is principally oxide and graphite, as an appar- 
ently non-metallic mass, and thus the heat-storing capacity of the 
surface acting to produce waste is still further diminished. Both 
Chamberlain’s experiments and those here described are amply 
sufficient to show that this presumption of proportional saving 
and increase in efficiency of steam may be anticipated. 

As to the second point: Regarding its resistance to wear, ll 
the objections raised apply to a method of treatment first pro 
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posed in this discussion. It is not practicable, nor do I under- 
stand that it is proposed, that this process should be applied in 
the treatment of rubbing surfaces. When the engineer is seek- 
ing to get his cylinders as hard as the tools will work them, he 
is not likely thus to proceed to convert their working surfaces 
into a comparatively soft, spongy mass. It is, however, well 
known that this waste occurs principally upon the parts which are 
not subject to abrasion ; and, again, those parts which are. under 
wear are so polished by that action, in well-cared-for engines, as 
to reduce largely the power of transmission of heat across their 
surfaces, thus making it less important that they should be 
treated in this way. It is only proposed thus to treat the heads, 
the sides of the pisten, and the interior of the port-passages ; 
which parts, in economically operated engines, certainly are 
most active in producing initial condensation. If we take Cham- 
berlain’s experiments as proving the possibility of reducing 
heat-storage through the action of the “varnish” permeating . 
the pores of the metal by the amount of 307 or 40°, and the 
experiments of this paper as showing that an equal reduction 
may be effected by superficial solution alone, we may certainly 
take it as fairly to be anticipated that the gain in efficiency of 
working steam, in regular operation, in an engine which has thus 
been treated, is worthy of careful investigation. Such investiga- 
tions are to be made by various interested persons, and we may 
expect, undoubtedly, to get their results in due time. 

The remarks of the second speaker are based upon the mis- 
apprehension just adverted to: the supposition that it is neces- 
sary to treat the rubbing surfaces, the finished parts of the engine- 
eylinder. That error being removed, they call for no special 
reply. The nature and method of cylinder condensation is now 
so perfectly familiar to every engineer that it was not supposed 
that it would be assumed that the writer of the paper could 
stray so far from familiar fact as seems to have been taken for 
granted in this case, ora paragraph would have been devoted to 
that now trite subject, with a more complete description of the pro- 
posed application. The lines of research suggested had already 
been noted. In good time, it is hoped to be able to give some 
interesting facts that will fully satisfy every demand. Meantime, 
those here given are perhaps not wholly without interest. 

It should be added that the Chamberlain experiments were 
made upon the head of an “ experimental engine ” in the Sibley 
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College Laboratory ; these, upon plates specially prepared for the 
purpose. Both agree in results. Ifthe Navy Department takes 
up the matter in earnest, as seems to be proposed, we may cer- 
tainly expect complete determination of the value of the scheme ; 
probably better, and with more of detail, than from any of the 
private concerns proposing to try it. 
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COCOXXIL* 


AUTOMATIU REGULATION OF INJECTION 


TO VAPOR CONDENSERS, 


BY JAMES MCBRIDE, BROOKLYN, N. 


(Member of the Society.) 


In the manufacture of sugar, dye-wood extracts, and other sub- 
stances where liquors of light gravity are concentrated in vacuum 
pans, it is common practice to use what is known as the 
“Dry Vacuum System,” in which the condensers for condens- 
ing the vapors arising from the pans are placed about thirty- 
six feet above the surface of the water in the hot wells which 
seal the lower end of the “leg” or discharge pipe from the con- 


denser. 


The condensing water is sometimes pumped directly into the 
condenser, but the best method has been found to pump into a 
tank located above the condenser, and draw the water from the 
bottom of thistank. This prevents the introduction into the con- 
denser of all air which has found its way into the pumps through 


leaks in the stuffing-boxes and suction-pipes, and allows only 


solid water to flow to the condenser. The injection-valves are 
under the control of the “ panmen,” who do not always use the 
best judgment as to the proper amount of water needed for con- 
densation. 


As the quantity of steam. used for evaporation is often vari- 
able, and the quantity of liquor fed to the pan also varies, it 
will be seen that the proportions of the two are constantly chang- 
ing, and, if no measures are taken to control the amount of water 
used for condensation to suit the constantly changing quantities cf 

pee at passing to the condenser, there must be times when (00 Jittle 
and times when too much water is used, and the panman, to be on 


the safe side, is apt to use more than is necessary, and at times to 

- forget entirely to shut off the water when the pan is not in use, 
consequently increasing the cost of manufacture by the needless 
waste of water. 


Presented at the Richmond meeting of the American Society of Mechanical 
_ Engineers (1890), and forming part of Volume XIL. of the Transactions. 
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It was to obviate this waste of water, to secure a more uniform 
vacuum, to take the manipulation of the injection-valve out of the 
control of the panman, and to make the quantity of water sup- 

_ plied always proportional to the quantity of heat going to the 


Fie, 34. 


condenser, that this apparatus was devised, Fig. 34 being a dia- 
grammatical illustration of the device, and Fig. 35, a longitudinal 
section (about full size) of the thermostat. 

It consists of a mercurial thermostat placed in the discharge 
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pipe of the condenser, in connection with an electrical cireuit 
and relay, which in turn controls the main circuit, in which 


an electro-magnet controls the valve of a water ac- 
cumulator operating the injection-valve which supplies 
water to the condenser. By reference to the sketches 
it will be seen that the local circuit is opened or closed 
by a rise or fall of temperature in the discharge pipe, 
‘« vise of temperature closing the local circuit, opening 
the main circuit, and increasing the supply of water ; 
and a jail of temperature opening the local circuit and 
closing the main cireuit, diminishing the supply through 


the action of the accumulator. 

In practice it has been found that the temperature 
of the hot well does not vary quite 2° Falr., and that 
the device completely regulates the water to the vary- 
ing amounts of heat passing to the condenser, and that, : 


This regulatidh is accomplished by making the stroke 


of the accumulator quite long and the movement of 


when all the steam is shut off, the water is also shut off. ea 
{ 


the piston quite slow, so that the piston never reaches 


in temperature reverses its motion. If the steam is py6. 35 


— in one direction, almost, but not quite, closing the injection-valve. 
This not quite closing the valve will leave enough water flowing to 
start condensation when steam is again turned on the pan, and 
put the accumulator in operation. When but little steam is 
used the piston works back and forth near the end of the aceu- 
mulator where the injection-valve is nearest closed; and when 
-mnore steam is used, the piston works nearer the other end, where 
the valve is wider open, the changes occurring about once per 
minute. The apparatus can be worked either with a battery or 
-adynamo current. A single cell of gravity battery is sufficient for 
the thermostat or local circuit, and four to six cells of the same 
battery for the main circuit. The writer, however, prefers to use 
the dynamo current where practicable for the main circuit, and the 
current for a sixteen candle-power lamp, with one lamp in the 
circuit for resistance, is sufficient to operate the valve of the ac- 
cumulator, and the alternate lighting and extinguishing of the 
_ lamp on opening and closing the main circuit shows at all times 
the working of the apparatus. 
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The device is also applicable to condensing engines, and, in 
electric-light stations and other places where condensing engines 
are used and water for condensation is costly, will be the means 
of much economy, as the maximum vacuum with the minimum 
quantity of water can be attained. 


The water pressure for operating the accumulator may be any 


convenient supply under pressure, such as corporation water, or 
may be obtained by condensation from steam, as is now used for 
operating some well-known forms of damper regulators, or from 
the tank which supplies the condensers, where fresh water is used. 
The accumulator-valve is a cylindrical balanced stem one-eighth 
of an inch in diameter, and has a stroke of one-quarter inch. 

I have found no difficulty in earrying a vacuum of twenty-six 
inches with a hot-well temperature of 120°, and I believe the 
temperature can be inereased to a point limited only by the 
preservation of the rabber valves of the air-pump. ‘ 

The thermostat, it will be seen, is a brass tube or plug screwed 
into the discharge pipe of the condenser, and having in its lower 
end a rubber cork through which extends the glass bulb contain- 
ing the mereury; the bulb is surrounded by a perforated shell, 
allowing the water to come in direct contact with the bulb, thus 
making it very sensitive to changes of temperature. 

The thermostats are tested before using by connecting them up 
in circuit with one cell of gravity battery, and plunging them alter- 
nately into vessels containing water somewhat above and some- 
what below the temperatures at which they are to be worked. If 
the mercury promptly falls back from contact with the platinum 
wire each time after many changes, it may be depended upon to 
work well in practice. 

It may be asked, why use two circuits instead of one ; why not 
connect the accumulator directly in circuit with the thermostat ? 
This method was tried, but it was found that the heavy current 
necessary to work the accumulator-valve was apt to vaporize 
the mereury on breaking the connection in the thermostat, and 
a portion of the mercury remaining above the point of con- 
tact destroyed the certainty of its operation. With a single 
cell of gravity battery and a relay, no such trouble is experi- 
enced. 

It will be noticed, from the arrangement of the working parts, 
that the most probable contingency is provided for, viz., the 
accidental breaking of either electric circuit. 
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Ii the bulb of the thermostat should break, the mercury would 
be forced to the upper end of the tube, thus closing the local cir- 
cuit and opening wide the injection-valve. If the carbon of the 
lamp should break, or the dynamo should stop, a like result takes 
place ; or if, instead of a dynamo, a battery be used for the main 
circuit, and it becomes too weak to work the accumulator-valve, 
the result is the same, so that in any of these events a full supply 
of water will be turned on the condenser, thus preventing the pan 
from boiling over until repairs can be made. 

It is apparent, from the foregoing description of this apparatus, 
that it automatically provides for the following changes of work- 
ing conditions : 

First. It provides for more or less steam turned on the pan by 
hand. 

Second. It provides for a rise or fall of boiler pressure without 
having to change the steam-valves on the pan. 

Yhird. It provides for a variation of the gravities of the liquors 
under concentration ; and, 

Fourth. It provides for the varying summer and winter tem- 
peratures of the injection water. In a word, it constantly main- 
tains the proper proportions between the number of heat units 
passing to the condenser and the number of pounds of injection 
water to absorb these heat units up to a previously fixed temper- 
ature of the water of condensation, or temperature of hot well. 


Mr. F. Meriam Wheelevr.—I was very glad to see this’ paper, 


because I felt the necessity for some such arrangement in con- 
nection with the use of vacuum pans, especially in Cuba, where 
the supply of injection water is so scarce. Most planters there 
us° the injection water over and over again by cooling it. Any 
regulating device like Mr. McBride's is certainly a valuable 
thing. Iwas rather disappointed, however, when he interrupted 
himself in reading the second sentence on the third page—where 
he referred to that “two degrees variation.” He stopped to make 
the correction by saying that in practice there was a variation 
of five or six degrees; in fact, sometimes fifteen degrees. This 
experience makes me think of my attempt to produce a governor 
for a vacuum pump where we wished to regulate the speed of a 
pump according to the requirements of the work—that is to say, 
according to the vacuum desired. 
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It is easy enough to govern or regulate the speed of air 
compressors by the pressure regulator, aud with a similar device 
(simply reversing the action) I thought surely we could get a 
good regulator for a vacuum pump, but found the margin tc 

g 
Mr. MeBride found that this variation of temperature was 
greater in every-day practice than he anticipated it would be 
from his preliminary experiments. 

There is one question I would like to ask the gentleman in 
respect to the second sentence on the first page of his paper. 
He says, referring to the matter of injection water, that the best 
method has been found to pump into a tank located above the 
condenser, and draw the water from the bottom of this tank. | 
has always seemed to me remarkable that sugar refiners anid 


work on was too fine to get a satisfactory result ; so I suppose 


users of large vacuum pans in many cases elevate the wate 
very much higher than is necessary. For instance, there is a 
large refinery in Williamsburgh, where the tanks are placed 
about two floors cbove the vacuum pans. Now if the tanks wer 
placed one floor /elow the vacuum pans, the pan condensers 
could be just as well supplied with solid water for injection. 
There coulkl therefore be saved in the elevation of the wate. 


a great amount of power, and that is a very important 


thing in the refiners’ business, as they use such large quantities 
of water. Iknow of one sugar refinery which requires an amount 
of water, for condensing purposes, equal to about one-third of 
the entire supply of water consumed by the city of Brooklyn. 
I ask the question : ‘‘ Why do you elevate your injection wate: 
120 feet high if 100 feet will answer?” I computed in one eas 
that about 15,000 tons of coal per year represented the amount 
of fuel used for their supply of salt water ; so you see it would 
be quite an object if they could cut down that expense, say one- 
fifth, or more! I would like to ask Mr. McBride if there is any 
particular reason why they plac the water-tanks above the 
condensers ; it seems to me arrangements could be perfected 
so that the tanks could be at least one floor below the con- 
densers. The water entering the condensers does not vitiate thie 
vacuum, if itis free from air; consequently it makes no difference 
if it comes from below or above. The vacuum which has to be 
perfected and maintained by the air-vumps will draw the wate 
from’a lower (limited) level. Ordinary care in taking the water 
from the solid part of the tank, the supply pipe being thoroughly 
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painted or shellacked and the injection-valve well packed and 
submerged, would give as good results, and by so doing save a 
large amount of coal. In other words, if you could reduce the 
head to which this immense quantity of water is pumped, there 
would be a corresponding saving of coal. 

Mr. John H. Webster.—I would say, in reply to Mr. Wheeler, 
that in some of the newer refineries the water-tanks are set on 
the same floor with the vacuum pans and condensers. It had 
been the general custom to set the tanks above the condensers, 
and the change was made to avoid pumping the water to an 
unnecessary height as well as to prevent its being wasted in the 
condenser when the pan is not working. 

The Chairman.—Is that due to the fact that very little steam 
rises from the first processes in a larger vacuum pan / 

Webster.—The air has to be exhausted and it is difficult to 
do it with a pump alone without the condenser to help it, so that 
it is advisable to have the use of the water as soon as possible. 

It takes a long time to exhaust it without the aid of the con- 
denser, especially with the air hot, and vapor rising from the body 
of hot liquor in the pan as the vacuum increases. 

Mr. Wheeler.—I expected some one to reply to my previous 
remarks something like this: “Steam is no object with us, for we 
use it all for boiling” ; and I am somewhat disappointed that this 
point was not made. It does seem to me, however, almost 
ridiculous to lift such masses of water to a higher elevation than 
absolutely necessary, if for no other reason tham that it necessi- 
tates larger steam-cylinders for the pumping engines, and as they 
have to exhaust against more or less back-pressure, the less the 
diameter of the steam-cylinders, the less the load from back- 
— I am.much interested in this matter, and it oceurs to 

e that there is a good deal of money invested unnecessarily in 
te: machinery for this special work. 

Mfr, Webster.—It is important to get the pan in operation : again 
as quickly as possible after it has been discharged, because that 
is Pre many times in a day, and every minute counts. 

. Paul H. Grimm.—lI infer from what has been said that the 
sp veh. is not familiar with the true inwardness of the working 
of a sugar-house. If he were, he would know that the man who 
controls the flow of water to the condenser is somewhat of an 
autocrat. The sugar-house people are more or less inclined to 


choose the less of two evils; that is to say, let the panman have 
18 
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lis own way as to how much water he shall use rather than have 
him say he did not have water enough and spoiled his skipping. 

This matter which the paper has brought up bears a very 
important relation to the economic working of any evaporating 
apparatus. There is certainly more than twice tle necessary) 
quantity of water used in the condensers such as are used for a 
certain class of vacuum pans. I have reference more particularly 
to the dry system, where the condenser is high up, with a pipe 
thirty-three feet long, and running down, in contradistinetion to 
the wet system, where the pump is attached directly to the pan ; 
and the effect is that, although there is a point which is very 
obvious to you all where a certain amount of water at a given 
temperature will balance a certain amount of vapor to be con- 
densed, that point should correspond to the maximum quantity of 
water used—that is what Mr. McBride aims at; yet, when thy 
panman starts the water and he arrives at a point where he gets 
his vacuum, the water is allowed to run to the condenser just as 
much as it will, unless he sees fit to stop it when he drops th: 
pan. He does so sometimes, but in more cases he does not. [i 
is very hard, indeed, for an engineer to regulate those matters 
because, as I said before, the panman in the sugar-house is an 
important person, and I should like very much to see such an 
apparatus as Mr. McBride has sketched out come into general 
use. 

Mr. Wheeler.—I would like to make another point here with 
reference to this matter of pumping large quantities of injection 
water for sugar and other vacuum pans. I understand that 
several parties have been trying experiments to economize steam 
in their pumping engines by using the compound coridensing type, 
instead of the more extravagant common steam-pump. If there 
is any one here present connected with any of these refineries who 
is using “high duty”? economical pumping engines, I would like 
to ask what the practical result has been. 

Mr. Webster.—From my experience with that class of higl- 
duty pump ksown as direct acting, compound condensing, | do 
not see that there is any real economy. We had plenty of use 
for the exhaust steam, and nearly all the time we had to increase 
the supply by drawing from the boilers directly; so that, taking 
into account the extra cost and everything, I really cannot say 
that I have seen any real advantage in having those high-duty 
pumps. Of course, I do not refer to the extra high duty pumps 
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such as the Worthington people make. Those I have never 
used. 

Mr. Holloway.—1 hope it will be distinctly understood that the 
sugar-house engineers did not object to compound engines on 
account of the saving, but for the reason that what comes out of 
an engine is of great value to them; in other words, that the 
exhaust steam is of great value to the sugar refiner. 

Mr. Webster —There is a great deal more exhaust steam to be 
used than the pumps can make. 

Mr. Louis G. Engel.—I1 think that the relative economy of a high- 
duty pumping engine and an ordinary direct-acting pump, for the 
purpose under discussion, depends on several circumstances not 
mentioned. 

If, by reason of the location of the pumps, the exhausted steam 
bas to be conducted a long distance to the refinery in order that 
it may be used for heating, it might be more economical to con- 
dense at the pumps, especially if a partial condensation could be 
effected by fresh water, to be afterward used in the process. 
Then, again, it may depend upon what a particular refinery is 
doing. If a refinery is working on all grades of sugar, as Mr. 
Webster has stated, there is plenty of use for the exlaust 
steam; but should a plant be running almost entirely on hard 
sugar, where it is necessary to use live steam to a large extent for 


boiling, it becomes a difficult matter to prevent the exhaust on a 


back-pressure system from blowing off through the safety-valves. 

Mr. Wheeler's remarks about the location of the salt-water 
tank convey the impression that the latter is usually higher than 
the condensers, thus putting an unnecessary duty on the pumps. 


This is not the case with ours, for the spray plates are consider- 
ably higher than the surface of the water when the tank is full, a 
condition not always maintained in practice. It becomes a ques- 
tion whether it is economy to start the vacuum with a pump or with 
the condensing water as regards the time required, which is some- 
What less in the latter case. 

I will also state, in answer to the remark that the panman starts 
up the pump and lets it run, that it is customary to maintain the 
proper speed of the pumps by a float or other device in the tank 
controlling a balanced valve on the live steam, so that the tank is 
prevented from overflowing to any great extent. Should the 
pump deliver the water directly into the condenser, the regulation, 


of course, would become more difficult. 
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Mr. Webster.—My reference was to a refinery making mostly 
soft sugars. Where hard sugars are made in large proportion 
there is much less use for exhaust steam ; consequently, the high 
duty pump will certainly be more economical and to be preferred 
as stated by Mr. Engel. 

Mr. Mc Bride.—There is an old saying that the proof of the 
pudding is in the eating of it. Some years ago I was running on 
Mr. Wheeler’s plan, and I went about three stories better than he 
speaks of. I had my pumps on the first floor, and, as Mr. Grimm 
states, I think I had two or three autocrats who had possession 
of my establishment. I located the tank one story above the con- 
denser, more as a matter of convenience, and I must say that 
since that time I had better results and more peace of mind than 
Thad before. It is only those familiar with the true inwardness 
of things in sugar-houses and dye-works, not the pump builders 
outside, who know the troubles which arise from many apparent 
little things. While I admit that in some cases it may be mor 
economical to put a tank below the condenser, I think that th 
placing of it above, as adopted by the best houses in this country 
is pretty good evidence that it is the best place to put it. bh 
reference to regulating the pump by the float in the tank, that i: 
all right where you have a tank for each pump. I have a tank o 
about twenty thousand gallons capacity, and I draw out of tha 
for five condensers. I regulate the height of the water in th: 
tank by means of a float. I start my pumps on Monday morn 
ing and never stop them until twelve o'clock on Saturday night 
Every condenser is regulated so that if one is shut off the pump: 
feel it immediately. When there is a call for water they gradu 
ally inrease in speed as the water is called for. 

In regard to the saving, I call your attention to these figures 
The temperature of the water in the East River in the summer is 
about 70 Fahr. I used to take the water away from our con- 
densers at about 80°. Each pound of water entering at 70°, and 
leaving at 80°, carries away but 10 units of heat. I now endeavor 
to take it away at 110°, each pound of water carrying away 40 units 
of heat. These figures, I think, tell their own story. I practically 
do as much work with one pound as I previously did with four, 
thus saving three pounds. 
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Kh. ALMOND, NEW YORK CITY 


(Member of the Society.) 


Ir seemed to me at first rather a wild kind of an idea to make 
a metallic tube which would be quite flexible, and which could be 
used for conveying illuminating gas. I have, however, after many 
experiments, succeeded not only in making a flexible tube for 
such purposes, but also one which will convey gases, steam, or ; 
liquids under considerable pressure. ‘This tube has sufficient 


Fig. 36. 


Tube before mandrel is withdrawn. 


flexibility for all practical purposes, with the additional advan- 
tages of great strength and durability. 
When a tube is formed by coiling a wire around a mandrel, 


the convolutions may be made to press upon each other with 
considerable foree, and the joint formed at the point of contact 
of the individual convolutions will be tight in proportion to the 
amount of pressure exerted. If such a tube be bent, the joints 
will Le broken all around the coils except at one point, and there- 
fore, when bent, it is useless for conveying liquids or gases. “ 
Wishing to utilize the peculiar flexibility of spiral spring tub- 
ing for the conveyance of gases in cases where a flexible tube is 
required, I conceived the idea of inte rposing’ a triangular-shaped 
wire hetween the coils of a round wire, as shown by Fig. 36. 
When a tube so constructed is bent, the convolutions of the 


* Presented at the Ric hmond r meeting of the Amet rican Society of Mechanical 
Eogineers (1890), and forming part of Volume XII. of the 7ransactions. 
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triangular coil .adjust themselves to the spaces between the 
round coils, as shown in Fig. 37. The triangular wire is pressed 
between the coils of the round wire, during the process of con- 
structing the tube, with sufficient force to spread them apart, so 
that the contact surfaces are at all times under pressure. The tri- 


. 
angular wire serves two purposes : one is to spread the coils apart, 


so that the pressure will be exerted on the contact surfaces ; the 
other, to fill the irregularly shaped spaces between the coils of 
round wire, adjusting itself to the changing form of the spaces 
due to any given flexion. This pressure brings into play thie 
element of friction to such an extent as partly to destroy the 
flexibility of the tube, which, when bent, will retain the form 
given to it. This was an unlooked-for and unexpected quality. 
As the primary object was to obtain a flexible tube, 

Fra. 38. trials were made with wire having a more obtuse angle; 
such is shown by Fig. 38. This gave better results, as 
a more perfect joint was produced with less tension of the inner 
coil, and the friction became correspondingly less, the result being 
a tight tube with sufficient flexibility. Fig. 39 shows the shape of 
the seats into which the round wires are forced by their tension. 
Reference to Fig. 36 will show that the seat for the inner wire is 
much more obtuse, and on this account the inner wire will not, 
under a given tension, be forced into such a seat so tightly as in 
the sharper V in Fig. 39. It will be seen that the degree of 
flexibility depends upon the amount of tension put upon the 
inner coil, or the extent to which the convolutions are forced 
apart. I have produced a perfectly tight tube with two coils of 
round wire, in which the outer coil is wound sufficiently tight 
between the convolutions of the inner coil to spread them apart 
for the purpose of getting pressure on the joints, substantially 
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the same as with the triangular wire. This makes a very strong 
tube, but is too bulky for many purposes. Two half-round wires, 

or even less than half-round, may be used ; or the inner wire may 
} be round, and the outer half-round, or much less than half-round. 
| The tube will then be less bulky, and, supposing the outer wire 
to be considerably less than half-round, the convexity of its sur- 


face may be such as to give results similar to the obtuse triangu- 


lar wire shown in Fig. 38. I have made several tubes in which 
the contact surfaces of the coils are made to coincide with a cirele 
whose centre is the axis of the tube. The joints so formed are 
practically a series of ball and socket joints ; such a tube has 
smoother outer and inner surfaces than those previously de- 
scribed. A serious objection to such a tube is that the wire 
changes its shape during the process of coiling, so that the joint 
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surfaces will not make sufficiently complete contact, whereas the 


forms of wire previously mentioned are of simple construction, 
and the slight change of form which occurs during the process of 
coiling will not affect the result. The extent to which this tubing 
may be bent without leakage is considerable ; a piece of one-— 
quarter inch bore, tied as shown in Fig. 40, has been subjected to 
a steam-pressure of 75 Ibs. without leakage; the smallest curves 
of the bent portion corresponded in this case to a circle two 
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inches in diameter. I have not yet made any tube larger than 
five-sixteenth inch bore, but think it possible to make them as 
large as one inch bore, and strong enough to stand any ordinary 


» 
steam pressure. For purposes where pressure is not required, 
the tube may be made of sheet metal, shaped as shown in Fig. 
41, which may possibly be made as large as two inches in diameter. 


DISCUSSION. 


— Prof. James E. Denton.—There was a tube came to this 
country from England some time ago which had a rubber band. 
within it, and was made by pouring melted copper, I understood, 
into a hopper. Is this the improvement on it ? 

Mr. Almond.—No, sir; it has nothing whatever to do with it. 
The sample before the Society is made of hard steel throughout. 
The pipe which you mention depends upon a rubber strip for 
making the joint; and, as the metal used is a thin strip of brass 
or copper, it is easily injured. The specimen which is the subject 
of this paper is .400 outside diameter, and .225 inside diameter. 
It is two feet long and has 160 convolutions, making about 320 
inches of joint contact subject to leakage. It has been subjected to 
an end pull of 135 lbs. without showing injury, and a grindstone 
weighing 500 Ibs. has been rolled over it without the slightest 
damage. That a piece of tubing having such an extraordinary 
amount of joint line, and depending simply upon the contact of 
metallic surfaces, should show no leakage under a water-pressure 
of 25 lbs. is surprising, and generally beyond belief. This result is 
due to the tension of the spring (in this piece, 135 lbs pressure 
for each convolution) acting on the slanting sides of the V-shaped 
seat. This tube will stand such pressure under a short curve: s:y, 
of radius. 

_ As a new material, considered apart from the tube, it ‘ias 
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in alities unlike anything else with which I am acquainted. It is 
_ capable of receiving any desired flexion, and resuming its origi- 
nal form without detrime mt, as the three qualities, tension, press. 
ure, and friction are always acting. 


There are many uses to which it may be applied, outside of its 
use as a tube; such, for instance, as a support for an electric 
light, optical instruments, philosophical instruments, ete. The 

tube mentioned by Prof. Denton can be applied to none of these 
_uses, and the difficulty of making soldered or other joints must 
prevent its practical application to many purposes. = 
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HYDRAULIC TRAVELLING CRANES. 


BY ERWIN GRAVES, CAMDEN, N. J. 


On (Member of the Society.) 


Ix the manufacturing and engineering operations of the day, 
the requirements for lifting and lowering, handling and trans- 
portation, of the innumerable heavy articles to be moved, have 
called into use a variety of appliances which may be classed as 
Cranes; of these, the type known as Travelling Cranes, through 
their general adaptability, has grown in favor to such an extent 
that in some fields of the best present practice they are used 
almost entirely. 

‘The ordinary travelling crane consists of an overhead beam or 
bridge, the ends being supported by carriages which traverse 
upon parallel tracks, usually secured at an elevated position to 
the side walls of the building, 
prepared for them. This bridge is provided with a track, upon 
which traverses a trolley, from which the load is suspended. 


or placed upon a special trestle 


The requirements necessary for a crane of this kind are: Is‘, 
Means for hoisting and lowering from a point attached to the 
trolley ; 2d, means for moving the trolley, with its suspended 
load, across the bridge in both directions ; 2d, means for 
moving the bridge and toad along its tracks in both direc- 
tions. It will thus be seen that a complete travelling crane 
requires three independent motions, and means for the re- 
versal of each of these, with a further provision for holding 
the load suspended at any point. The methods of accomplish- 
ing these results might be classed as follows: Ist, Hand-power, 
when all the operations are performed by manual labor, applied 
through endless-chain wheels, by an operator upon the ground. 
level ; or, the operator may be upon the bridge and apply the 
power through hand-gearing. 2d, By locating an engine and 
boiler upon the bridge or trolley and using steam-power for 
performing the various operations. 3d, By conducting power 
to the bridge by means of a rapidly running rope belt, or a 
square shaft, located along « one of the walls or trestles ; the 


* Presented at the ‘Ric lhmond meeting of the American Society of Mechanic al 
Engineers (1890), and forming part of Volume XII. of the 7’ransactions. 
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power being taken off such belt or shaft by the proper appli- 
ances attached to one end of the bridge. With power so con- 
ducted, it is utilized through trains of gearing to perform the 
work, the operator for controlling the motions being stationed 
on the bridge. 4th, The mechanism of the crane may be driven 
by eleetrie motors, located thereon; the proper current being 
communicated from conductors along one of the walls. 

As will be readily understood, hand power cranes are slow and 
tedious in their operations, particulary if the machines have 
capacity for heavy work. It is also obvious that those carrying 
an engine and boiler are not well adapted for use inside of 
buildings, and are therefore confined almost exclusively to work 
out-of-doors. 

Having thus briefly referred tothe various forms of travelling 
cranes, the writer will describe a crane of this type, devised by 
him, in which the actuating power for each of the various 
motions is obtained independently and from hydraulic pressure. 
He believes this application and arrangement to be new, and 
to possess merit. As this paper is intended to be more of an 
explanation of methods and results than a description of mechani- 
cal details, only such details will be introduced as are necessary 
to a proper understanding of the subject in hand. 

Fig. 42 shows a bridge with ends mounted upon carriages, 
fashioned to move along tracks on wall. On one end of bridge 
are secured two horizontal grooved wheels, C and (, and at op- 
posite end, one horizontal wheel. The trolley 7, which is free 
to move along the bridge, has, as shown, four vertically hung 
grooved wheels. At some point, as in one corner of building, is 
placed a cylinder and plunger with sheaves, and rove with a 
Wire rope as shown. This wire rope leads over the wheel B, 
thence horizontally along the wall and around the wheel (, 
thence around one of the wheels in the trolley, and down, and 
under the wheel in the fall-block, and up, and over the wheel in 
the trolley, and tothe wheel /. After passing around this wheel, 
it is returned in same manner around the trolley and fall-block 
Wheels to the wheel G, from which point ii leads to, and is 
secured at, H. It is clear that, with an object suspended from 
the fall block, the trolley is free to be moved along the bridge ; 
also, that the bridge is free to be moved along its track, and that 
such suspended load can be brought over any point within the 
rectungular space covered by these motions. No explanation is 
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required to see that the pushing out of the ram results in lifting 
the fall block, and that with the rope passed twice about the 
cylinder and ram sheaves, one foot of motion in the ram pro- 
duces an equal amount in the fall block. 
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By adding to the wheels and coils of rope about the cylinder 
and ram, the ratio of travel between the ram and fall block can 
be made 2 to 3, 1 to 2, or even more, where a high lift may be 
required with a short stroke. Hoisting of a load is aeccom- 
plished simply by admitting water under pressure into the eyl- 
inder ; the holding suspended of a load, by cutting off such supply 
of pressure water; and the lowering, by allowing the water in 


the cylinder to escape. The speed of hoisting and lowering is 


thus entirely within the control of the operator, who can, at will, 
vary it through the entire range, from fastest to slowest, as may 
suit circumstances. This is a most valuable feature, as it is not 
infrequent in handling an article to want, during part of the 
operation, a very slow motion, while quick motions are desired 
in other parts. The sudden “running down” with a load is 
impossible, from the nature of the power. 

The next step will be to produce the motion to the bridge 
along its track. To illustrate the method of doing this, reference 
will be made to Fig. 43. A and 72 are two cylinders with rams, 
and are duplicates of each other, both being provided with wire- 
rope wheels as shown. The most convenient location for these 
is in the opposite ends of the building and near one corner. 
The ropes, after passing about wheels on cylinders and rams, 
lead to and are secured at opposite sides of the bridge at C; 
the lengths of these ropes are so adjusted that, with the bridge 
in the middle of its travel, the rams are at half-stroke. The 
length of rams and combination of coils are such that one stroke — 
hauls in a length of rope equal to the travel required of the 
bridge. With rams arranged as shown, and pressure water 
admitted to both cylinders, the maximum strain will be put 
upon the ropes; but as this pull is equal, and in opposite direc- 
tions, there is no effect in the way of moving the bridge. Sup- 
pose now that by means of a valve the pressure is cut off from 
the cylinder A, the.pressure connection with 2 still remaining 
open, this will produce no motion; but go a step further, and 
permit water to escape from cylinder 1. It is evident that the 
liolding foree acting on the bridge through the ropes about A is | 
released, and that the pulling force from the cylinder 2 will 
produce a motion to the bridge in that direction; also, that 
there will still be a strain upon the ropes from A equal to 
that from B, less the pull consumed in moving the bridge. By 
reversing this operation, motion to the bridge in the opposite 
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direction is produced. A form of valve for producing these 
results in the proper way, by a simple lever motion, will be 
described farther on. As in hoisting and lowering, it is clear 
that the valve controls all speeds, from the fastest to the 
slowest. 

The means of moving the trolley upon the bridge is illustrated 
by Fig. 44. Here are shown, as located horizontally in one end 
of the building and at the level of the crane, two cylinders and 
rams with sheaves, and having ropes rove about them. The cut 
shows how these ropes pass along the wall, out over the bridge to 
the trolley, back to and along the wall to the opposite end of the 
building, where the ends are secured. When pressure is adm't- 
ted to both cylinders, the resulting pull through the ropes is in 

opposite directions at the trolley, hold- 
ing it in one position upon the bridge, 
but the bridge remains free to be 
moved along its tracks. By the same 
process of cutting off, exhausting, and 
reversing the water supply, as de- 
scribed for the bridge-moving rams, 
the requisite motions in both directions 
are obtained, and with the same rane 
of speeds. 

Fig. 45 shows a well-known form of 
hydraulic valve, modified so as to oper- 
ate the bridge-moving and trolley rams 

in the way described, and, by omitting 
one of the ports, the hoisting and lowering also. As shown in 
the cut, the piston is in the middle of its stroke, and it will be 
observed that both ports admitting pressure to the rams are 
slightly open; this results in the rams pulling against each 
other, as described. A slight motion of the piston in one 
direction closes one of these ports, and opens wider the way: 
for the pressure supply through the other; further motion to 
this valve piston begins to open the way for the cut-off cylin- 
der to exhaust. The result of this is motion to the bride 
trolley, and the speed of such motion is controlled by regulat- 
ing the rate of the exhaust. Should there occur a too sullen 
shutting off, while the bridge was in quick motion, the effect 
of the momentum would be to put an increased pressure upon 
= holding-back cylinder. An examination of the det: ae of the 
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valve will show that if from any cause the pressure in a shut-off 
cylinder should rise above the working pressure in the valve 
chamber, it would find relief through acting against the external 
surface of the cup leather packing ; 


g; such relief will be back into 
the pressure pipe, and the result on the motion to the bridge 
will be like the application of a brake. If with the crane ata 
standstill the valve is thrown suddenly open, there will be no 
sudden stress put upon any part; the bridge will move with an 
accelerating speed, as the actuating force can overcome its iner- 
tia, just as a locomotive puts in motion a train of closely coupled 
cars. 

It is an easy matter to combine in one machine the separate 
methods of producing the requisite motions as before described, 
such combination working together in a very simple manner. 
The details of doing this can be modified to suit governing cir- 
cumstances, 

Fig. 46 shows a design which may be used up to 25 tons ca- 
pacity or more. In this the bridge is simply a box girder, in 
which vertical strength and lateral stiffness are obtained in the 
most direct manner, and the end carriages, rope-wheel brackets, 
trolley, and fall block are of the simplest construction. 

For light capacity cranes, the bridge can be two I-beams, con- 
nected only at the ends, and with the trolley working on the-top _ 
flanges ; the fall block being suspended between the beams by 
two parts of rope only. Otherwise the general arrangements — 
would remain the same, except that the hoisting rope, in leading 
back across the bridge to its primary end, would not engage with — 
the fall bleck. In such a case, with the same combination of 
ropes at the hoisting ram, a given stroke would produce double 
the hoist at the fall-block hook. 

There is another modification which can be introduced, in 
which the trolley-moving rams are omitted, and the cross motion — 
obtained, when with light loads, by direct pushing on the part 
of the workman ; or, when with heavier loads, by the application 
of brakes to the wire rope wheels on the trolley. Referring to _ 
Fig. 42, it will readily be seen that if the rope wheel /) be locked, 
hoisting or lowering will produce a motion to the trolley of four | ; 
feet for each one foot of vertical motion to the hook block ; also 
that moving the bridge with this wheel locked will cause the | 
hook to traverse diagonally across space covered. With brakes 
ou wheels on the opposite sides of the trolley, and under 
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control of the workman, very satisfactory work can be accom 
plished. 
In these hydraulic travelling cranes the most desirable | ca- 
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tions for the operating rams are: hoisting cylinder with ram 
_ working upwards, and placed in one corner of room; adjoining 
this, one of the bridge moving cylinders, with ram working ver- 
- tically downwards, while in the corresponding position at the 
opposite end of building should be the other bridge moving ram. 
The trolley-moving cylinders and rams may be placed horizon- 
tally on the end or side walls. These locations permit of the 
ropes being led in the most direct manner to the bridge, with 
out intervening sheaves. Should circumstances demand, any of 
these cylinders can be placed elsewhere, or they may all be 
located at one point. It is desirable, however, that the bridge 
and trolley rams should either act downwards or horizontally, 
so that during nights and at other times, when the pressure may 
be off, they will remain in position in the cylinder—not drop- 
ping down and deranging the ropes. 

When, as is usually the case, there has to be performed a 
variety of lifting, both light and heavy, it is desirable, both for 
economy of power and increased speed, 
that rams of smaller diameter be employed 
for the lighter work, holding in reserve 
the larger one for the heavy work. Fig. 
17 shows an effective and cheap method 
for accomplishing such results, and, at the 
same time, giving the operator means to 
make the change at a moment's notice, 
without leaving his station. The method 
is simply to use telescopic plungers, allow- 
ing two or more powers to be provided, 
in which the larger ones, with the greater 
lifting power, are clamped down when not 
required. The cut will show how this is 
accomplished, without explanation. 

The movements of the crane may be 
controlled by an operator stationed in a 
“pulpit,” conveniently located to provide a clear view over the _ 
space which crane covers; this method permits also two or — 
more cranes to be operated by one man. In such cases the 
valves would be placed where the operator is stationed, and 
pipes laid to the different cylinders. Valves, such as before 
described, can be combined together, so that one supply and one 
discharge pipe answers for all. The three operating levers con- 
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trol all the motions and speeds of the crane, and act with ease. 
Where the area covered by the crane is too extended for con- 
veniently operating from one point, there may be other points, 
or there can be an elevated gallery, leading along one side of the 
building, wide enough to afford passage for one person, and the 
valves operated by means of wire ropes stretched along it. Or, 
should it be desired, there can be an operator’s platform at- 
tached to the bridge, and the movements controlled from this, 
as in the case of passenger elevators. 

For the purpose of showing that the application of hydraulic 
power to travelling cranes is not limited to those of light ca- 
pacity, Fig. 48 is introduced. This shows a design by the writer, 
for two cranes, to be placed on the same track, each of 45 tons 
capacity, 43 feet hoist, 50 feet span, and 300 feet of travel. In 
these the same simplicity and directness is obtained as in those 
of smaller capacity, and they are now in process of construction, 
practically as shown. 

Somewhat more than three years ago the writer designed, for 
a foundry then being built, two cranes of 15,000 lbs. capacity 
each. He believes these to have been the first application of the 
principles herein described, that of employing hydraulic power 
from a fixed location, and with separate motors, for actuat- 
ing the different motions of a travelling crane. These two 
cranes were constructed, and have been in constant use over 
two and a half years. Their performance, under the require- 
ments of daily work, has been satisfactory in the highest de- 
gree; during this time there have been no repairs required 
whatever, except one or two renewals of the flax packing in the 
stuffing-boxes of the rams. The care and operation of these has, 
for the whole time, been in charge of ordinary foundry help— 
one man operating both cranes. There has never been a man 
injured, or a mishap of any kind resulting from their use. A 
person seeing the easy, noiseless, and rapid manner in which 
these cranes perform their work, and the simplicity of their 
parts, cannot but be favorably impressed. 

The number of wheels about which the hoisting-rope passes 
may suggest the thought that there is here a large loss of power 
from friction ; actual results do not show this to be the case. 
The loss of power from bending wire rope about wheels of 
such diameter is extremely small. The principal loss comes 

7 from the axle friction. In these, the bearing strains from the 
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In these hydraulic travelling cranes the most desirable |oca- 
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tions for the operating rams are: hoisting cylinder with ram 
working upwards, and placed in one corner of room; adjoining 
= this, one of the bridge moving cylinders, with ram working ver- 
tically downwards, while in the corresponding position at the 
opposite end of building should be the other bridge moving ram. 
The trolley-moving cylinders and rams may be placed horizon- 
tally on the end or side walls. These locations permit of the 
ropes being led in the most direct manner to the bridge, with- 
out intervening sheaves. Should circumstances demand, any of 
these cylinders can be placed elsewhere, or they may all be 
7 located at one point. It is desirable, however, that the bridge 
and trolley rams should either act downwards or horizontally, 
so that during nights and at other times, when the pressure may 
be off, they will remain in position in the cylinder—not drop- 
ping down and deranging the ropes. 

When, as is usually the case, there has to be performed a 
variety of lifting, both light and heavy, it is desirable, both for 
economy of power and increased speed, 
that rams of smaller diameter be employed 
for the lighter work, holding in reserve 
the larger one for the heavy work. Fig. 
47 shows an effective and cheap method 
for accomplishing such results, and, at the 
same time, giving the operator means to 
make the change at a moment's notice, 
without leaving his station. The method 
is simply to use telescopic plungers, allow- 
ing two or more powers to be provided, 
in which the larger ones, with the greater 
lifting power, are clamped down when not 
required. The cut will show how this is 
accomplished, without explanation. 

The movements of the crane may be 
controlled by an operator stationed in a 
“pulpit,” conveniently located to provide a clear view over the 
space which crane covers; this method permits also two or 
more cranes to be operated by one man. In such cases the 
valves would be placed where the operator is stationed, and 
pipes laid to the different cylinders. Valves, such as before 
described, can be combined together, so that one supply and one 
discharge pipe answers for all. The three operating levers con- 
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trol all the motions and speeds of the crane, and act with ease. 
Where the area covered by the crane is too extended for con- 
veniently operating from one point, there may be other points, 
or there can be an elevated gallery, leading along one side of the 
building, wide enough to afford passage for one person, and the 
valves operated by means of wire ropes stretched along it. Or, 
should it be desired, there can be an operator’s platform at- 
tached to the bridge, and the movements controlled from this, 
as in the case of passenger elevators. 

For the purpose of showing that the application of hydraulic 
power to travelling cranes is not limited to those of light ca- 
pacity, Fig. 48 is introduced. This shows a design by the writer, 
for two cranes, to be placed on the same track, each of 45 tons 
capacity, 483 feet hoist, 50 feet span, and 300 feet of travel. In 
these the same simplicity and directness is obtained as in those 
of smaller capacity, and they are now in process of construction, 
practically as shown. 

Somewhat more than three years ago the writer designed, for 
a foundry then being built, two cranes of 15,000 lbs. capacity 
each. He believes these to have been the first application of the 
principles herein described, that of employing hydraulic power 


from a fixed location, and with separate motors, for actuat- 


ing the different motions of a travelling crane. These two 
cranes were constructed, and have been in constant use over 

two and a half years. Their performance, under the require- 
ments of daily work, has been satisfactory in the highest de- 
gree; during this time there have been no repairs required 
whatever, except one or two renewals of the flax packing in the 
stufling-boxes of the rams. The care and operation of these has, 
for the whole time, been in charge of ordinary foundry help— 
one man operating both cranes. There has never been a mat 
injured, or a mishap of any kind resulting from their use. A 
person seeing the easy, noiseless, and rapid manner in which 
these cranes perform their work, and the simplicity of their 
parts, cannot but be favorably impressed. 

The number of wheels about which the hoisting-rope passes 
may suggest the thought that there is here a large loss of power 
from friction ; actual results do not show this to be the case. 
The loss of power from bending wire rope about wheels of 

_ such diameter is extremely small. The principal loss comes 
P from the axle friction. In these, the bearing strains from the 
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pull of the rope are all which have to be pr« ovided for, and, 
as there are no sudden shocks, these axles can be of small 
diameters, or they may be on roller bearings; in any event, 
the large diameter of wheels reduces this friction to a small 
amount. 

With a crane in operation, the total friction can be readily 
determined by simply attaching a gauge to the cylinder and 
noting the difference of pressure, when a load of known we ight 
is raised and lowered. One-half of this difference of pressure 
multiplied by the area of the plunger in inches, and further 
multiplied by the ratio of plunger speed to hoisting speed, 
gives atonce the resultin pounds. This result includes the fric- 
tion of the ram in the stuffing-box, as well as all the other 
moving parts. Tests made in this manner, upon the two cranes — 
before referred to, taking them without any special prepara- 
tion, just as found after a day’s work, and with varying loads up 
to their full capacity, indicated very uniform results in the per- 
centage of friction. In one crane, the average was 9¢ and in the 
other less than 12 ¢ of the loads lifted, including dead load. 

As chains are so largely used for carrying the suspended loads 
in cranes, it may appear to some that substituting wire rope 
for this purpose is attended with risk. The writer does not 
think this to be the case, and is further of the opinion there are 
certain advantages in its use. Wire ropes possess their caleu- 
lated strength to a degree unattainable in chains, the reason 
being that in one there is a series of links, each of which must 
have strength to resist rupture from the entire strain, while the 
other is made up of a combination of separate pieces, running 
throughout its length, of iron or steel in its most reliable form. 
In the question of costs and weights there is a difference in 
favor of the rope; as, for example, 100 feet of chain which has 
an estimated ultimate strength of 28,000 lbs., would weigh over 
500 lbs. and cost $37.00, while its equal in pliable wire rope 
would weigh but 69 Ibs. and cost less than $11.00. Those who 
have observed chains in service know in what a sudden and 

oked-for manner they frequently give way, either through 
ective workmanship in the manipulating and welding, or in- 
lor material, or through what is still an open question, the 
rioration of iron fibre from use—all sources of weakness — 
nvisible to outward inspection. In ropes, outward evidence of 
bpproaching failure appears gradually, by showing broken wires _ 


> 


def 


r 
i, 


HYDRAULIC TRAVELLING CRANES. 


on the outside of strands at points where wear occurs. In mak- 
ing a comparison of the lasting qualities of the two, it should be 
borne in mind that the wearing away to the danger-point in 
crane chain by use takes place on the inside ends of the links, 
when the surfaces are in contact with one another. The wea 
on the outside surface from contact with sheaves and drum will 
be found comparatively trifling, even where the use has been 
such that the ends of links are reduced to one-half of their orig- 
inal area. With wire rope there is only the outside surface to 
wear; with the groove in wheels turned properly, and with 
wheels so set that the lead is straight into them, this will be 
extremely small. There are cases where the large diameter of 
the sheaves required would be detrimental, but in designing the 
machine this drawback can be largely avoided. Where the 
exigencies of the case demand, steel-wire ropes can be used on 
wheels with diameters as small as 25 times that of the rope for 
smaller sizes, and 35 diameters for the larger sizes. Such diam- 
eters, while much less than the rope manufacturers advise, will 
be found to give very satisfactory results, though it is good 
practice to use larger wheels where such can be employed. To 
give an idea of what may be expected in the way of lasting qual- 
ities, the writer would state that in the 15,000-lb. cranes referred 
to, after over two and one-half years of constant service, the 
ropes are so little worn that they would appear to be good for 
an equal further use. 

Where the strain is greater than can be carried by one rope of 
moderate size, or the necessary diameter of wheels inconveniently 
large, two smaller ropes can be used, the wheels being properly 
grooved and both ropes passed about them, as though but one 
was employed, the fixed ends being secured to an equalizing 
bar, so that they will be strained alike. 

The speeds at which cranes can be operated depends largely 
on the ability to transmit the necessary power to them, and in 
means for applying power in ways which will not result in sud- 
den shocks. This is a feature in which the hydraulic crane 
excels. Take, for example, an accumulator with a plunger 1! 
inches in diameter, and loaded to give 1,000 Ibs. pressure ; wl 
up, with a stroke of 14 feet, there is stored 2,003,960 foot pound 
of energy, the equivalent of 60,4; H. P. acting for one minut 
Transmitting power by hydraulic pressure is accomplished wit 
very small loss; the volume of water in this case would be about 
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104 gallons, an amount which will readily pass through a 2-inch 
valve and pipe, into a cylinder, in one minute. Allowing a more 
liberal estimate for frictional loss than indicated by the tests here 
noted, and assuming that 75¢ of the energy would be available 
for lifting at the hook, there would be 1,502,870 foot pounds, 
which could be exerted in one minute, or 45} H. P. for the same 
time, and would result in lifting a load of 30 tons 25 feet. For 
bridge and trolley motions the necessary power for any desirable 
speed can be readily communicated. Such result in lifting is 
probably 4 or 5 times greater than builders of the ordinary form 
would care to guarantee. To some it may appear that there is 
no occasion for such a rapid application of energy ; leaving it an 
open question whether there is or not, it is here only pointed out 
that such results can be obtained, and moreover without any 
undue strain upon the machinery. Heavy demands for power 
can only be of short duration, and as the accumulator holds in 
store energy for such draughts, it follows that the motive power 
can be of very much less capacity. 

There are difficulties inseparably connected with the methods 
of accomplishing results in the usual form of power-driven 
travelling cranes to which it may not be out of place to briefly 
refer. The means of communicating power to a point upon the 
bridge, whether accomplished by a square shaft or a rope belt, 
has objectionable features, which in practice give more or less 
trouble; but this part will be passed by, and the mechanism 
upon the bridge itself considered. Here the driving power is 
in continuous and uniform motion—to produce the various 
motions requires trains of gearing, reversing appliances, friction 
clutches, safety devices, ete., the whole forming an intricate 
combination of machinery which must be under the most per- 
fect control. As before pointed out, the variety of work for a 
crane to do, makes it desirable that there should be different 
rates of motion. To meet this, manufacturers usually provide 
two or more speeds ; but to accomplish such result with a uniform 
driving motion necessitates introducing further mechanism for 
each change. 

When motion is to be produced—as, for example, moving the 
bridge—it is usual to connect with the power by means of a 
friction clutch, or some device which will permit of a certain 
amount of slipping, such slipping being necessary to permit the 
bridge to acquire its motion gradually. Herein is a source of 
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trouble; clutches do not always act as they are designed to do, 
nor are they applied with uniformity. A powerful clutch, 
suddenly applied, may produce strain many times greater than 
that caleulated. The writer knows of a case where, with a crane 
of moderate capacity, and without a load, a 3-inch square driv- 
ing shaft was wrenched off through the too vigorous application 
of the bridge-moving lever. Undue strains from this same 
cause are in a less degree produced, and constantly tending to 
destructive results, in the trolleying and lifting trains of gearing. 
It will readily be understood how these increase with the speed. 
The intervals of time in which a crane is not in actual motion 
forms a large proportion of the whole. During this, the driving 
mechanism has to be in continuous motion, consuming power 
while no work is being done. From the indirect means which it 
is necessary to employ to accomplish actual work, the frictional 
loss is very great, and the motive power must be capable of ful- 
filiing all demands, as there is no ready means of storing power, 
as with an accumulator. The driving parts, which are in con- 
tinuous motion with their gearing, are noisy and wear rapidly, 
particularly when, as is not infrequently the case, the crane has 
to perform its work in clouds of dust. The care and operation 
of such a machine require the services of a skilled mechanic. 
With the application of hydraulic power to travelling cranes, 
the writer believes that there will be found the following advan- 
tages: General adaptability, moderate cost, and simplicity of 
construction, freedom from repair, ease, safety, rapidity and 
noiselessness in action, and economy of operating power. 


DISCUSSION. 


- Prof. John FE. Sweet.—In the hope that the discussion on the 
above paper may be broadened to a consideration of travelling 
cranes in general, I am led to describe some novel features which 


we have introduced in a5-ton hand travelling crane of 30 feet 
span. To speak of a hand travelling crane may be rather 
behind the times, but the features described are applicable 
to power cranes. 

The available space between the bottom of the roof trusses and 
the top of the rails was 5 feet 6 inches, and in this space we have 
a lattice girder bridge with trusses 5 feet deep, and a trolley wit! 
wheels 4 feet in diameter. This is done by putting the trolley insid 
the bridge, as has been done in the two 45-ton cranes described 
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in the paper, but we avail ourselves of that well-known advantage = 
possessed by a lattice girder over a plate one, of a great reduction f 
in weight. The weight of the girder and trolley does not exceed 
2tons. The lower chord of the trusses, which are of special sec- 

tion (Carnegie 345), forms the rail for the trolley. The trolley is 

in general design like a bicycle, with the large wheels 4 feet and 

10 or 12 inches, nine-tenths of the load being on 

the main axle. The bridge is also 


wried on wheels 4 feet in 
diameter, with the flanges on the outside and the faces of the two. = 


small ones 


coupled wheels turned conical, as is done on car wheels. The- 
wheels are couple “1 by a gas-pipe across shaft and two small ae 
pinious working in internal gears. There is no squaring device — 


whatever, and we have found no use for one. 


A travelling crane is such an improvement on nothing that it 
would be a poor one, indeed, which did not give satisfaction. 
What pleases us especially in our own is its free action obtained 
The lifting 
by the Yale 


multiplying 


by the large wheels and no useless mechanism. 
device is a simple one-ton triple-geared hoist made 
& Towne Co., with the hoist chain strung over 
sheaves. This arrangement is simple ; it gives very nearly, if not 
quite, as great efficiency as any mechanical rig; its ingenuity will 
never be overestimated and it is quite satisfactory. With the 
largest weight we have to handle (about 3 tons), one man can 
handle it with one hand, and move it easily at the rate of 100 
feet a minute in cither direction. I believe for our use no power 
crane could equal it in economy. - 

Mr. Louis G. Engel, 
shown on Fig. 45. 


-I want to ask a question about the valve 
I have always understood that with as high 
pressure as 1,000 lbs., and with this construction of cup leathers 
inside of a bushing pierced with orifices, it was impossible to 
prevent the cup leathers from being drawn into the openings. 
Has there been any trouble in that way ? 

Mr, Henry L. Gantt.—The Midvale Steel Works has placed an — 
order with R. D. Wood & Co. for a 40-ton hydraulic travelling 
crane, and they have insisted on having two valves, 
throttle valve. With this combination, a much more delicate 
ovement of the crane can be obtained. The cranes which they 
have in use in Camden seem to work very satisfactorily. They 
Start up very slowly and run very rapidly. Ihave never seen any 
crane, whatever, handle a flask in a foundry with more ease and 
more carefully than those cranes do. 


a stop and a 
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Mr. Douglas G. Moore.—I think I can help to answer a ques- 
tion. We have built at times, and do build now, a great many 
hydraulic presses up to 20 inehes in diameter, in which we use 
a cup-leather packing made of sole leather, and turned in the 
ordinary old-fashioned way; and to prevent it in some cases from 
knocking the heads out, after a good many different arrange- 
ments, we conceived the idea of a safety valve by boring a hole at 
a certain height in the cylinder so that when the leather packing 
passes that hole the liquid would squirt out and the piston would 
stop. Now we can bore a hole to ;% of an inch in diameter, 
and under 1,500 lbs. pressure to the square inch, the leather will 
never go into that hole so that you can ever find a mark on it. 
We have never had to bore a larger hole than 4;. If I had to 
bore a quarter hole I would not be afraid to do it. The leather is 
very firm and hard. It does not get at any time soft enough to force 
itself into this ;4; hole. I have used pressures up to 3,000 pounds 
pressure, not intentionally, but by carelessness of tlie man using 
it. I have never known leather packing to be destroyed in any 
instance from forcing into the hole. 

Mr. Engel.—Do I understand the gentleman to say that the 
pressure is relieved after the leather packing passes the hole ? 

Mr. Moore.—The pressure is not fully relieved, but the hole is 
large enough so that the pump cannot discharge enough liquid to 
lift the ram and at the same time stop the leak. The hole is put 
there for the purpose of relieving the pump, with a little pipe at- 
tached, running it off where the waste water might go. 

Mr. Engel.—Does the packing come back over the hole, under 
pressure, on the return? I can see readily enough that the cup 
leather will go past it one way, but will it come back again ? 

Mr. Moore.—The leather will come back after the pump is 
stopped. These cylinders were built vertically. The rams settle 
after the pump is relieved or stopped. At that time there is no 
pressure under the piston, excepting a light pressure to lift the 
liquid over into the cylinder. 

Mr. Fngel.—That is just the point I wanted to make. If there 
is no pressure under the piston, the cup leather will come back: 
because the cup leather is not expanded; but should there be 
pressure under the cylinder with the cup leather expanded, would 
the cup leather come back ? 

Mr. Moore.—I should think it would, because we build them 
double head; that is, they are packed two ways sometimes, one 
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leather turned up and the other turned down, and I have known a 
back pressure to be on one side up to 500 lbs., and that leather 
would never be forced into the hole. 

The President.—Do you have a row of the holes so as to make 
sufficient area to relieve the pressure, or is there only one? If so, 

in what sized cylinder is a ;’,-inch hole used ? 

Mr. Moove.—We build presses up to 20 inches diameter of cylin- 
der, and an eighth of an inch hole will stop that piston at almost 
any point after the packing passes the hole. The pump plungers 

are small, perhaps } to 1}| inches in diameter. What surprised 
me was that it stopped the piston so quickly with such a small 
hole. In the first one which we built, we turned the bent pipe 
‘so that the stream struck the man working the press just about 
the eye when it went off. Bat the fellow got tired of that and he 
turned the pipe down a bit. But it answered the purpose all 
right. The piston seemed to stop as soon as the packing passed 
the small hole. 

The President.—1 suppose if you wanted to relieve the press 
more rapidly it would be easy to put in several holes instead of 
one. Is the hole countersunk at all on the inside—to prevent 
scratching of the leather? 

Mr. Moove.—Not at all. We bore a large hole almost through 
the cylinder to within perhaps a quarter of an inch of the inside, 
and then bore this very small hole the balance of the way. Three- 
sixteenths is the very largest we ever put in. One-eighth is about 
our practice. 

Mr. Huston.—Is that leather subject to any particular treat- 
ment to keep it from softening with the water ? 

Mr. Moore.—Not at all. We buy good oak-tanned leather. We 
have made a 30-inch packing, but we had so much difficulty in 
getting the leather that we abandoned it. We build the same 
presses particularly for oil refineries, and they use in the pumps 
paratiine oil at about 150° fire test, with a cold test of 18° or 20°, 
and the leathers will work in the oil 12 months before they will 
give out if you get good leather to start with. The trouble is to 
get lcathers of even thickness. You have to get down into the 
belly of the hide, where the leather becomes thin. There the 
leather is softer, and does not seem to stand as well as the back. 
Ithink it lasts as long with oil as it does with water. 

Mr. Engle-—In this connection I wish to call attention to a 
Valve for the same purpose in my paper, Fig. 49. This valve, of 
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English origin, is superior to any valve with orifices, because the 
passages in the ends of the piston itself are tapering, and the cup 
leathers are not obliged to pass holes into which their edges 
might be pushed by the pressure. 

Mr. L. R. Lemoine.—In the larger illustration, showing two 
travelling cranes on the same run-way in a machine shop, is also 
shown a gallery and series of groups of operating levers (of which 
bare mention is made) arranged so that the cranes may be operated 
for any of their motions at any of the stations on tie gallery, 
which is usually placed so as to run along the line of bridge travel, 
and thus occupies about the same space as would a cage sus- 
pended from a crane for its clearance. This combination of 
gallery and operating levers, etc., affords ready control of the 
valves, which are usually located on the shop floor near the 
cylinders, whetlier by positive connection, such as ropes, rods, 
ete., or by air or electricity, and was originally patented and 
designed by the writer.* The crane, as originally built, was 
operated from a central pulpit, which limited its use to com- 
paratively short lengths of bridge travel, as no practicable means 
had then been devised to control the valves on the floor from the 
suspended cage on a moving crane bridge, although an electrical 


device has been since worked out by the writer, though not as yet 
tried, 


The gallery and combination of levers—simple arrangement 
that it is—while making it possible to use the crane for long 
bridge travels, has a very decided advantage, in many instances, 
over the ordinary suspended cage, in that the operator can stand at 
any desired point, one side or the other of the crane, and thus at 
all times can see the work on the floor to be handled; and may, 
for that matter, stand at one end or xt any station along the line 
of the gallery, and control the crane in all its motions, starting the 
bridge travel, for instance, with one set of levers, and stopping it 
with another ; while, with the cage attached to the travelling crane 
bridge, the operator must always maintain relatively the same 
view of the hook, which view is often interfered with, as when, it 
un erecting shop, for instance, it is desired to handle something 
which lies beyond a large piece of work. 

Another decided advantage is that one man may also control 
two cranes in ordinary service, whether they be on the same o 
on adjoining parallel run-ways. 


* See patent No, 431,000, June, 1890. 
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Of course, this arrangement is merely a detail of the crane 
described in the paper referred to, but it has been considered of 7 : 
sufficient value to have been adopted in connection with eight or — 
nine of the cranes we have received orders for. 

lr. Erwin Graves.*—Replying to the remarks of Prof. Sweet, _ 
I would say that my paper refers only to the methods of operat- 
ing a travelling crane by hydraulic power, through the means 
of wire rope from rams at fixed points. The particular form of 
bridge is not treated of, except to* point out that it can be of the — 
simplest construction, and that the operating mechanism on the 


crane itself does not require any complication or special design. 
If desired, a latticed one can be employed. It is true that with | 
lattice work and girder of greater depth, a bridge of given span 
and capacity can be constructed with less weight of metal than 
can a plate girder. This extra depth, though, is in most cases an 
objection; it is usually desired to lave the greatest possible lift 
with a crane of this sort. The hook might, it is true, be arranged 
to rise between the lower chords, but such is not altogether desir- 
able. In the matter of cost, it is quite probable that the increased 
mechanical work would about offset the saving of material, and 
that the total costs would not differ materially, while in appear- 
ance the plate girder is much more pleasing and the consumption 
of power in moving this trifling extra weight is a matter of 
no moment, when accomplished by other than hand power. The 
large wheels are certainly. a desirable fixture in all parts where 
such can be readily employed. 

With a hydraulic travelling crane the whole question of form of 
bridge and mountings can be left to the cireumstances which 
surround each individual case. 

Replying to the general remarks about valves, I would say that. 
the one referred to is the well-known “Critchlow” form, and 
which has, in one form or another, satisfactorily filled the re- 
quirements for hydraulic use, particularly in the cranes about the 
iron and steel-making plants, and when the service is severe. 

The mp8 gm in the brass casing, which also serve for the 
ports, are but 4; inch diameter each, and over this the cup leathers 
pass freely and without trouble. In the case of the “four way’ 
valves, which control two rams acting against each other as a 

scribed, the pressure does not act in the direction to force the 
le ‘ather into the holes at all—the action is all in the — 


* Author’s Closure, under the Rules, 
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direction, as a leather passes over the port. By making a sketch, 
one will readily see how this is, and that it comes from the fact 
that all throttling of pressure is as the ports are exhausting. 
With the “ three-way ” valve, as used in hoisting and lowering, 
the case is different. In hoisting, the pressure is in the direction 


of forcing one of the two leathers into the holes as it passes along 
the port. It acts with a force equal to the difference between the 
accumulator pressure and that in the lifting cylinder. In lower- 
ing, the case is same as with the “four-way” valve—it acts the 
opposite way from pressing leathers in. 

Owing to the smallness of those holes there is scarcely any 
trouble with these valves in that particular, though the leathers 
do give out in time. In use the se valves give the least trouble of 
any I know. 
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CCCCEXV.* 
AN INTERESTING EXPERIMENT WITH A LUBRICANT. a 


BY G. W. BISSELL, ITHACA, N. Y. 


(Junior Member of the Society.) 


‘THE experiment referred to in the title of this paper was under- 
taken for the purpose of determining the law governing the variation 
of the coefficient of friction of a lubricant, and the rate of feed of the 
same to the journal, all other conditions being constant. It was 
conducted in the Mechanical Laboratory of Sibley College by an 
advanced student, who worked under the supervision of the writer. 

The Thurston Railroad Lubricant Tester was used for the de- 
termination of the coefficient of friction. A practically constant 
source of power was furnished by the line-shaft in the laboratory, 
so that a uniform velocity of rubbing was assured. The journal 
was hardened steel and the bearings were fitted with “ water 
brasses,” by which the operator was enabled to maintain nearly 
constant temperature of the rubbing surfaces. ‘The accessory 
apparatus needed was a device for feeding the oil as required. 

The following plan was adopted : 

A graduated burette of 50 ¢.c. capacity was secured to the up- | 
right of a ring-stand and the whole placed so that the top of the 
burette was about 15 inches above and 6 inches in front of the 
testing journal. The burette was filled with the lubricant (a 
mineral engine oil), and a siphon of very fine glass tube, with the 
end of the longer leg drawn down still finer, was placed in the 
burette. When so placed, the point of the siphon hung over and 
about 4 inches above the oil-hole in the housing of the testing 
machine pendulum. In the oil-hole was placed a copper rod, con- 
siderably smaller than the hole itself. This rod rested on the 
journal. A piece of candle-wicking depended from the point of 
the siphon, and was tied to the upper end of the rod. It is evident 
that the rate of flow of the oil from the siphon to the journal must 
decrease gradually as the level of oil in the burette is lowered, 
and will cease altogether when the level is reduced to that of the 
point of the siphon. 


° Presented at the Richmond meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XII. of the Transactions. 
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Fie. 51. 


The final arrangement of the apparatus was as shown in Fig 
51, to which the following references are given: 
_ B, Thermometer, giving temperature of bearings. 


C, D, Rubber tubes for circulation of water through the 
bearings. 4: 

E, Burette, furnishing supply of of 

F, Siphon, controlling supply of oil. + 

G, Candle-wicking. 


H, Copper rod. 


The continuous counter was not used during the experiment; 
but a tachymeter was belted to the machine and occasional read- 
ings of a hand counter were taken as a check. 

In the preliminary experiments with the apparatus some dilli- 
culty was met witli in keeping the oil from running off the journal. 


¢ 
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This was finaily overcome vy tollowing the suggestion by Professor 
‘Denton in his recent paper before this Society. 

The first test was made with a total load of 2, 00v Ibs. on the 
journal, corresponding to about 70 lbs. per square inch. 

Every ten minutes, observations were made and recorded of the 
following data: time, speed, burette reading, temperature, and 
total friction. 

This test was not wholly satisfactory, and two others, at 3,000 
and 4,000 lbs. total respectively, were made, with better results, as 


- shown in the appended log and curves. 
Three sets of curves were plotted—the first with time as 


abscissw# and burette readings as ordinates (Fig. 52); the second 
with time as abscissw and the rate of flow of the lubricant in c.e. 
per square inch of projected area and per minute as ordinates (Fig. 
53); and the third with the rate of flow as above as ordinates, and 
the coefficients of friction as abscisse (Fig. 54). The ordinates for 
the second and third sets were obtained from the first set of curves, 

The curves of the third set exhibit the relation between rate 


of feed and the coefficient of friction, thus giving the information 
sought. 


Inspection of these curves shows that at low rates of 
feed the effect of pressure on the coefficient of friction is practi- . 7 
cally vl, which would tend to prove that, under such conditions, : 
lubricated rubbing surfaces follow the laws of solid or “im- 
ee friction. But it should be noted also (see curves) 
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that, at the rate of feed at which this state of affairs begins to 
be apparent, the augmentation of the coefficient of friction is 
dangerous to the continuance of the smooth running of the 
journal, as witness the irregularities in the curve for 3,000 lbs., 
as the rate of feed is reduced to asmall amount. For this reason 
it is not advisable to reduce the rate of feed so far as to approxi- 
mate to this limit. The question then arises, What is the safe 
limit in this direction? and how may this laboratory experiment 
be given a practical bearing re 
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Minutes, 


Fie. 53. 


The rate of feed should in every case be so high, at least, 
that the coefficient of friction will not vary. In the curves. 
irregularities appear between the ordinates .003 c.c. and .002 c.c. 
Therefore for this case it is unsafe to reduce the feed below .003 
¢.c. per square inch projected area and per minute. If a series 
of such curves could be drawn for each of the various lubricants 
in common use, it is the opinion of the writer that a glance at 
that curve which fits the problem in lubrication which the 
designer may have in hand, will enable him to settle for himself 
the minimum safe rate of supply of lubricant. 

It is the intention of the writer to continue the investigation in 
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Kate o Feed of Of per sq in. per min 


DATA OF TEST No. 


| 


Total pressure on journal, 2,000 Ibs. 


8 


— 


c.c. oil per 

Total | Coefficient of Sa | 0” ares of 

Friction Friction, | Reading journal per 
mIniuute. 


Temp. 
o 
Brasses 


Time ay | _Burette 
Reading 


59 F 2 | 

59 60315 00924 
59 .00660 
60 j 0030 8. 00660 
| 9.8 00616 
60 5 00325 .00528 
60 00325 00528 
60 | 3.7 
60 | 3.58 .00352 
51 00375 ; .00316 
=.09259 
60 5. .06237 
60 .0037 5.8% 00189 
60 .00162 
60 00235 5 .00182 
60 : .0036 .00132 
60 .0035 ; .00132 
60 .0035 .00088 
61 2 .0036 . 00088 
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No. 2. 
3,000 Ibs. 


2 3 6 8 
Revs, Temp. | Friction. per min ‘and 
| eading. per o 
| 
05 319 12.8 | 60° 83, 00276 12.65 | ...... 
5 13.5 62 83 00276 13.35 | 00808 
25 13.9 62 8S - 00203 13.95 00264 
35 322 14.4 62 85 00288 14.50 00242 
45 | 62 86 00286 14.95 | _O0198 
55 15.1 62 87 00290 15.37 OOIS5 
15 15.7 | 61.5) 987 - 00290 | 10.72 
25 16.0 | 61.5 &8 00298 16.00 00123 
35 328 16.2 | 61.5 | 90 - 00300 | 16.20 OOOSS8 
45 ee 16.4 62.5 93 -GO310 16.40 . 00088 
55 --- | 16.5 63 | 95 .00316 16.50 00044 
05 310 16.6 | 62 98 00326 16.60 | 00044 
15 cae 16.7 62 100 .00333 16.70 00044 
25 7.0 | 62 100 008838 7.00 OO1S2 
35 17.1 62 90 . 00800 7.10 00044 
45 17.15 62 90 . 00800 17.15 00022 
55 17.2 | 62 90 00800 17.20 00022 
05 17.25 | 62.5) 94 00318 17.25 - 00022 
17.3 | 62 00316 17.3 | 00022 
25 17.35 | 69 | 97 | 7.35 | 
35 17.40 62 100 .00333 17.40 00022 
45 | 17.45 162 | 405 00350 7.45 00022 
55 17.50 | §2 105 .00350 17.50 00022 
05 17.53 | 62 108 -00360 17.53 00013 
15 17.56 62 110 00366 17.56 00018 
25 17.58 62 125 .00416 17.58 00008 
35 | 328 17.6 62 | 150 .00500 | 17.60 00008 
3 4 5 6 7 8 
| Burette Coefficient of | Corrected | of oil 
Revs | leading. Temp. Friction Friction. 
330 11.9 68 85 .00212 11.90 
12.9 69 87 .00217 12.90 60440 
13.9 70 87 -00217 13.90 00440 
336 14.7 70 -00217 14.70 
15.3 70 90 -00225 | 15.30 00264 
nt 15.9 | 7 100 .00250 15.90 (264 
327 16.3 | 7 100 .00250 16.30 00176 
16.6 110 - 00275 16.60 00182 
16.8 71 125 00312 16.80 G0088 
16.9 7 150 00875 16.90 0044 
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DISCUSSION, 


Prof. R. H. Thursten.—The investigation of which this paper 
may be taken as an incident, planned by me long since, has been 
on the programme for a long time awaiting a good opportunity to 
take it up formally and to do the work thoroughly ; and we hope 
that we may see results after a while which may be taken as more 
than simply illustrative. But the work here reported, as the 
initial tentative research, is at least interesting as exhibiting the 
general facts of a very important and practically useful discussion. 
It is sufficiently well understood that we may have, in any given 
ease of lubrication, an illustration of fluid friction or of the friction 
of solids, accordingly as we secure more or less thorough lubrica- 


tion with a good friction-reducing material. With flooded journals 
under light pressures, the resistance may be that of fluid on fluid ; 


or with heavy pressures, that of solid on solid. The two sorts are 

of radically different kind and of entirely different method of 
variation with varying pressures, temperatures, and speeds of : 
rubbing. For the former, the well-known laws of fluid friction, 
resistances varying as the square of the speed of rubbing and in- 
dependently of pressures on a given area of surface, and, for the - 


latter, friction varying as a function of the pressure and independ- 
ently of the speed or areas of surface up to the point of approxi- 

mate abrasion, may be taken as well established and to-day 
universally admitted laws. As shown by Hirn many years ago, + 


intermediate conditions between those of free lubrication and of 
greatly restricted supply of the lubricant give rise to intermediate 
variations of the frictional resistance. It has not hitherto been 
possible to say, in any case, just when and how the one form 
became transmuted into the other. These experiments show 
perfectly that method, extent, and rate of transformation for the 
cases taken, and illustrate satisfactorily the general law which I 
have desired to prove and to illustrate. The precise value of its 
constants is a matter of comparatively small importance. ‘Those 
may be obtained later, and, we may hope, in ample quantity, and 
for all the usual lubricants. The main point is here established 
of the gradual transformation of the friction from that of fluid to 


that of solid friction, and the corresponding alteration of the laws 
of resistance. 


Tn the light of these facts, and those of common experience, it 
begomes sufficiently obvious that the real problem of lubrication re 
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AN INTERESTING 


is not that of endeavoring to find ways of safely using oils at low 
rates of teed; but rather that of finding ways of insuring such rales 
of feed as will make it certain that the lubrication shall be efficient 
in the sense that it shall insure fluid friction, and its ordinarily com- 
paratively insignificant resistance. 

It is easy to see that our usual methods of lubrication are 
decidedly faulty, and our task is not to find a lubricating sub- 
stance which, under these faulty systems of employment, wil] not 
permit a journal to heat, se much as to find ways of changing the 
methods of application, with a view to the introduction of and 
making standard better methods, and securing a better result in 
reduction of waste of energy and of lost work by this means. 
When friction, under ordinarily heavy loads, as in engine practice, 
is found to amount, as is often the case, to such figures as Morin 
obtained under the condition of his experiments, it is made our 
task to find satisfactory methods of reducing the figure to such as 
are given in railway practice on the best lubricated car-axle 
journals, or under the best conditions attainable in the use of the 
testing machine. ‘True progress means steady approximation 
toward the best and the ideal conditions of most successful prac- 
tice. The experiments here described show how far are the usual 
conditions of practice in some departments of engineering from 
the ideal, and it may perhaps be also said the practicable ; and 
also how we are to go about the improvement of the case, within 
the limits of safety. 

Prof. J. BE. Denton.—It would be interesting to know what 
results would be obtained with the feeding device here shown if 
the siphonic head was maintained sufficiently constant to secure a 
constant rate of supply for several hours, and the pressure varied 
for intervals during tlis time. With the constantly varying rate 
of supply shown, it is doubtful if any condition of practice is 
copied. The rate of feed does not measure the oil present on the 
surface, unless it is shown that there is an escape of oil const:ntly 
equal to the supply. I understand from the paper that all escape 
of oil was prevented. If such was the case, the irregularities of 
friction, attributed to reduction of rate of feed, are probably due 
simply to differences of distribution of the oil, whereby the con- 
diiion of the lubricating film changes from that yielding friction 
due purely to viscosity toward that due principally to metallic 
contact. The latter condition could be wholly realized only by 

maintaining a constant feed at the minimum rate for several 
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hours. Morin’s laws would then practically prevail. A rate of 
feed of .003 c.c. per minute per square inch of projected area is a 
liberal feed in many cases of practice. It corresponds to the use 
of three-quarters of a cupful of oil on a locomotive crank-pin per 
about 100 miles of service. 

This is a greater amount than is necessary so far as satisfac- 
tory lubrication is concerned, and the conditions of pressure are 
probably more severe than in Mr. Bissell’s experiments. It 
should not be concluded, therefore, that the irregularities of fric- 
tion recorded in the experiments signify any dangerous condition 
of lubrication. I doubt the possibility of defining the rate of sup- 
ply independently of the speed of rubbing. 

Mr. Bissell.—It was not the intention to imitate any given 
practice in the experiments described, but to deduce the law 
governing the change from fluid to solid friction, and to demon- 
strate, by comparison of the results of those deductions with 
various practices, that Morin’s laws do not prevail in efficient 
machines 

It is evidently highly desirable that the laws referred to should 
not govern the action of machines when it is possible to reduce 
their friction to comparatively small amounts by rendering active 
those other laws of fluid friction. 
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DRIVING. 


BY CHARLES W. HUNT, NEW YORK CITY. 


(Life Member of the Society.) 


_ THE transmission of power by cotton or manila ropes was a few 
years ago an experiment. It passed the experimental stage, and its 
use has spread with remarkable rapidity, both in England and in 
the United States, and promises, at the present rate of increase, to 
become a formidable competitor with gearing and leather belting 
for use where the amount of power is large, or the distance be- 
tween the power and the work is comparatively great. The pres- 
ent article will not attempt to make a comparison with other 
methods of driving, but will endeavor to give some of tlie limitations 
of this method of conveying power, which will enable the engineer 
to decide at once upon the relative advantage or disadvantage of 
any proposed speed, with a close approximation to the true value. 

The most prominent questions which the engineer wislies to 
have answered who proposes to make an application of rope- 
driving are those relating to the— 


Horse -power, 
ear of rope, 
First cost of rope, 


Catenary. 


These questions cannot be answe red, with precision ina ceneral 
article, but it is the purpose of this pape r to give the general limi- 
tation of this method of transmitting energy in order that an 
engineer may make a close approximation, and then, in the case 
of a large installation, make such supplementary calculations as 
the importance of the case demands. In this paper it will be 
assumed that the conditions are favorable to this mode of driving, 
leaving abnormal cases for such special treatment as the engineer 
may at the time think best to use. The subject is so i ew that 
but few accurate data are available, arising from the long 


* Presented « at t the Richmond mee ting of the American Society of Me: hanical 
' Engineers (1890), and forming part of Volume XII. of the Transactions 
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ROPE-DRIVING. 
period required in each experiment, a rope lasting from three to 
six years. In many of the early applications so great a strain 
was put upon the rope that the wear was rapid, and success only 
‘ame when the work required of the rope was greatly reduced. 
The strain upon the rope has been decreased until it is approx- 
imately known what it should be to secure reasonable durability. 
Installations which have been successful, as well as those in which 
the. wear of the rope was destructive, indicate that 200 lbs. 
on a rope one inch in diameter is a safe and economical work- 
ing strain. When the strain is materially increased, the wear is 
rapid. For the purpose of this paper, this strain of 200 lbs. 
for the normal fibre stress of a manila rope one inch in diameter 
will be assumed to be the one which it is advisable to use, and the 
horse- power and relative wear at different speeds will be estimated. 
Farther experience may modify this assumption, but at the pres- 
ent time it is the best obtainable, and the changes which may be 
made hereafter will affect but slightly the estimates here given. 

To ascertain the average breaking strength of commercial rope, 
I lately purchased four pieces made by different cordage works, 
and had them tested on the Fairbanks’ testing machine in New 


York. They varied slightly in diameter, but when reduced to the — 
equivalent of a rope one inch in diameter, had an average break- — 
ing strength of 7,140 lbs. Expressed algebraically, the breaking 
strength, weight per foot, and the working strains are: | 


P=O98C..... (2) 
w = 20 C 


in these and the following equations : 
(’ = Circumference of rope in inches. 
l) = Sag of the rope in inches. 
/’ = Centrifugal force in pounds* 
y = Gravity. 
/l = llorse-power. 
/. := Distance between pulleys in feet. 
/’ = Pounds per foot of rope. ia 
/’ = Foree in pounds doing useful work, 


‘ = Strain in pounds on the rope at the pulley. 


_ 7 = Tension in pounds on driving side of the rope. 
_ ¢ = Tension in pounds on slack side of the rope. 

. 


> 
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v = Velocity of the rope in feet per second. 
-w = Working strain in pounds. 
W = Ultimate breaking strain in pounds. 
This makes the normal working strain equal to one thirty-sixth 
of the breaking strength, and about one twenty-fifth of the 
strength at the splice. The actual strains are ordinarily much 


greater, owing to the vibrations in running, as well as from im- 
perfectly adjusted tension mechanism. 

For this investigation we will assume that the strain on the 
driving side of a rope is equal to 200 lbs. on a rope one inch in 
diameter, and that the rope is in motion at various velocities 
of from 10 to 140 feet per second. Under this assumption, we will 
have in all cases a fibre strain of 200 lbs. on the driving side of 
a one-inch rope, and an equivalent strain for other sizes. 

The centrifugal force of the rope in running over the pulley 
will reduce the amount of force available for the transmission 
of power. ve centrifugal force of the rope is computed by the 
formula : 


At a speed of about 80 feet per second, the centrifugal force in- 
creases faster than the power from increased velocity of the rope, 
and about 140 feet per second equals the assuined allowable ten- 
sion of the rope. Computing this force at various speeds and 
then subtracting it from the assumed maximum tension, we have 
the force available for the transmission of power. The whole of 
this force cannot be used, because a certain amount of tension on 
the slack side of the rope is needed to give adhesion to the pulley. 
What tension should be given to the rope for this purpose 1s 
uncertain, as there are no experiments which give accurate data, 
and at the present time a décision must be made partly from 
analogy and partly from experience. 

If the rope be considered as a belt on a plain pulley, the frie- 
tion would be substantially the same as a leather belt at the same 
tension, but as ropes are frequently lubricated to reduce the wear, 
the coefficient of friction must be materi: ally reduced. Thiere 
have been no experiments to decide with aceuracy what this re- 
duction is, but it is known from considerable experience that 
when the rope runs in a groove whose sides are inclined toward 


932 ROPE-DRIVING. | 


-ROPE-DRIViNG. 


ROPE DRIVING. 


Tension on the slack part of the 


driving rope when conveying the 


normal amount of power at various 


20 
VELOCITY OF THE ROPE IN FEET PER SECOND. 


7 
each other at an angle of 45° there i ient adhesion when 
the ratio of the tension is 


For the present purpose, 7’ can be divided into three parts : 
Tension doing useful work. 
Tension from centrifugal force. 
Tension to balance the strain for adhesion. 
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ROPE-DRIVING. 


tension can be divided into two parts 

Tension for adhesion. 

Tension from centrifugal force. 

It is evident, however, that the tension required to do a given 
work should not be materially exceeded during the life of the 
rope. 

There are two methods of putting ropes on the pulleys; one in 
which the ropes are single and spliced on, being made very taut 
at first, and less so as the rope lengthens, stretching until it slips, 
when it is respliced. The other method is to wind a single rupe 
over the pulley as many turns as needed to obtain the necessary 
horse-power and put a tension pulley to give the necessary ad- 
hesion and also take up the wear. The tension ¢ required to 
transmit the normal horse-power for the ordinary speeds and 
sizes of rope is given in Fig. 56, computed by formula (8). The 
total tension 7’ on the driving side of the rope is assumed to be 
the same at all speeds. The centrifugal force, as well as an 
amount equal to the tension tor adhesion on the slack side of the 
rope, must be taken from the total tension 7’ to ascertain the 
amount of force available for the transmission of power. 

I have assumed that the tension on the slack side necessary for 
giving adhesion is equal to one-half the force doing useful work 
on the driving side of the rope; hence the force for useful work is: 


mess 


eu? 
3 


and the tension on the slack side to give the required adhesion is 


(6) 


Hence, 


The sum of the tensions 7’ and ¢ is not the same at diflerent 
speeds, as the equation (8) indicates. 

As F varies as the square of the velocity, there is, wit!: an 
increasing speed of the rope, a decreasing useful force, and an 
increasing total tension, ¢, on the slack side. 

With these assumptions of allowable strains, the horse-power 
will be: 


F) 


B= 
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Horse power of manilla 


rope at various speeds. 
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. 
ransmission ropes are usually from one to one and three-quar- 
ter inches in diameter. A computation of the horse-power for 
four sizes at various speeds and under ordinary conditions, based 
on « maximum 200 Ibs. for a rope one 
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inch in diameter, is given in Fig. 55. The horse-power of other 
sizes is readily obtained from these. The maximum power is 
transmitted, under the assumed conditions, at a speed of about 
SO feet per second. 

The first cost of the rope will be smallest when the power 
transmitted by it is greatest, and, under the assumed conditions, 
will be a minimum for a given power when the velocity of the 
rope is about 80 feet per second. The ratio of the first cost 
of the rope running at any other speed will be: 


H. at 80 feet per second = 


Ratio of first cost = 3 - 
H. at required speed. 


The curve in Fig. 59 shows the relative first cost of ropes to 
transmit a detinite power, calculated for various speeds, with the 
coetticient of the cost assumed to be of such value that the cost 
of the rope running at 80 feet per second is 100. The first 
cost of the ropes running at different speeds is in proportion, to 


the ordinates at those velocities. 

The wear of the rope is both internal and external; the in- 
ternal is caused by the movement of the fibres on each other, 
under pressure in bending over the sheaves, and the external is 
caused by the slipping and the wedging in the grooves of the 
pulley. Both of these causes of wear are, within the limits of 
ordinary practice, assumed to be directly proportional to the 
speed. Hence, if we assume the coefficient of the wear to be /, 
the wear will be fv, in which the wear increases directly as thie 
velocity, but the horse-power which can be transmitted, as equation 
(9) shows, will not vary at the same rate. 

If we divide the value for wear at a given speed by the horsv- 
power which the same rope will transmit at other speeds, we get 
the relative wear of the rope in transmitting one horse-power. 
For this purpose, assume for a basis of comparison such value 
for the coefficient as will make the wear of a rope running 10 
feet per second equal to 100. Fig. 58 shows the relative wear for 
transmitting the same horse-power computed by this method. 
The wear of a rope running at different speeds is in proportion 
to the ordinates of the curve at those velocities. The higher the 
speed, up to about 80 feet per second, the more power will be 
transmitted, but it is accompanied by a more than equivalent wear. 

The rope is supposed to have the strain 7’ constant «' all 
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The relative first cost of manilla 


ropes to transmit a given power, 


the cost at 80 feet per second as- 
— sumed to be 100. } 
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The relative wear of rope for 


transmitting a given power, the 


wear at 10 feet per second assumed 


to be 100. 
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speeds on the driving side, and in direct proportion to the area of 
the cross section ; hence the catenary of the driving side is not 
affected by the speed or by the diameter of the rope. 

The deflection of the rope between the pulleys on the slack 
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The curves show the sag of the 
ropes when transmitting the normal 


amount of power. It is the same 
atall speeds for the driving part, | 
but variable for the slack part. The— 
sag for the slack part is computed™ 
for speeds of 40-60 and 80 ft. per_ 
second, 
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DISTANCE BETWEEN PULLIES IN FEET 
Fig. 57. 


side varies with each change of the load or change of the speed, 
as te tension equation (8) indicates. 
The curves in Fig. 57, giving the deflection of the rope, were 
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computed for the assumed value of 7’ and ¢ by the parabolic 
formula : 
8D 


S being the essumed strain 7’ on the driving side, and ?#, calen- 
lated by equation (8), on the slack side. The tension ¢ varies with 
the speed, and the curves, showing the sag of the rope in inches, 
are calculated for speeds of 40, 60, and 80 feet per second, and 
for spans commonly used in rope-driving. 

It is to be regretted that accurate data are not available to 
determine the constants needed in the equations for wear and 
for friction on the pulley. No estimate has been made, as this 
paper is intended to state the general limitations of this mode 
of transmitting energy rather than to give details of its ap- 
plication. Enough is known, however, to enable the following 
points to be determined with reasonable accuracy for ordinary 
cases of rope-driving. 

The horse power for all sizes of rope and all practicable velo- 
cities can be obtained from Fig. 55. 

The tension on the slack side of the driving rope is given in 
Fig. 56 for usual sizes and speeds, from which the amount of 
counter weight, to give the necessary adhesion, can be deduced. 

The sag of the rope between the pulleys is given in Fig. 57, for 
both the driving and the slack parts of the rope. 

The comparative first cost of ropes running at different velo- 
cities, but transmitting the same horse-power, is given in Fig. 59. 


= 


Ww ORKING TABLE OF THE HORSE-POWER OF TRANSMISSION ROPE 


J Computed by formula 9, Fig. 59, which makes the total strain 
on the driving side of the t rope, when trausmitting the normal 
power, the same at all speeds, and takes into consideration the 
effect of the centrifugal force in reducing the driving power of tlie 
rope. 


* Added after the adjournment. 
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Speed of the rope in feet per minute. Diam.ofsmallest — 


pulley oridlerin 
5 000 | 6 000 7 000 | 8 400 inches. 


| 1.45| 1.9 | 28 | 80,32 | 84/34 | | 20 
| 82/86/42 1/46 50158 538 49 3.4 | 
| 45 | 5.9 | 7.0 | 82 91 9.8 10.7 |6.9 | 0 | 
7.7 | 99 \10.7 |11.9 12.8 | 13.6 13.7 12.5 | 0 | 


16.8 | 18.6 


(18.1 17.4 |20.7 [26.8 (23.8 39.6 90.8 28.2 [19.8 | 0 


1f | 18. /28.7 |28.2 | 82.8 (86.4 | 80.2 (41.5 (41.8 (37.4 (27.6 0 72 
— —_—| 
30.8 | 


96.8 42.8 47.6 51.2 5 


DISCUSSION. 
Mr. Samuel Webber.— I agree fully with Mr. Hunt on the value 
of “rope-driving” in certain cases, especially when a large 
amount of power is to be transmitted a long distance, and more | 


where the plane of motion of the pulley or shaft on which the 
power is to be received varies from that of the one from which 
it is delivered. It is well known that a “ quarter-twist”’ flat belt 
loses part of its hold on both pulleys, while ropes in a grooved 
sheave lose no contact whatever, and by the use of proper idlers, 
or carriers, will transmit power perfectly to a line at right angles 
with the one from which it was delivered. Herein I conceive to 
be one of the greatest advantages of rope-driving. I am not yet 
convinced of its ultimate economy in cases where the power is to 
be transmitted in the same plane, and where belts can be used to 
advantage, for although the first cost of ropes is undoubtedly less 
than that of leather belts, their durability is less also; and as I 
kuow many instances of leather belts which have run perfectly 
more than thirty years, I have great doubts whether the renewal 
of ropes in that time will not bring their cost fully up to that of 
leather, 

There is one point, however, on which I differ from Mr. Hunt. 
I do not think the angle of 45° the best for the grooves in the 
sheaves. Theoretically, an angle of 60°, or that of an equilateral — 
triangle, should give the best holding surface for a circular rope, 
although it would not grip the rope as severely as a groove of a 
less angle. On the other hand, it would deliver it more freely 
from the side on which it leaves the pulley after passing the 
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centre; and I have seen grooved pulleys at work where the rope 
wedged very tightly in the groove, and followed the sheave down 
three-quarters of a circle before it was released. This I think 
wears and chafes the rope unnecessarily. The best practical 
groove I have seen was an English one, a tracing from which 
gives me an angle of 53°, or just intermediate between 45° and 
60°. Another fault which I find with rope-driving as introduced 
in this country is the use of manila rope. 

I was taught in early life, by a brace of old sailor uncles, one 
of whom had circumnavigated the globe several times, “never to 
use manila rope for running rigging.” “It was all right,” they 
said, “for shrouds and stays; but for anything that was to go 
through blocks, use Riga hemp.” A pretty long study of fibres 
has shown me the correctness of this advice. 

The fibre of the “ Musa textilis,” or manila hemp, as used in 
ropes, is but a bundle, or congeries, of very fine fibres, held together 
by a vegetable glue, which by constant flexure cracks and disinte- 
grates, and causes the rope submitted to such usage to give out 
very rapidly. Flax and hemp, and other similar vegetable fibres, 
are prepared for use by “setting,” or rotting, in the first place to 
remove this glue; and fine flax for linen is ultimately spun 
through hot water, which thus reduces the fibre to its ultimate con- 
stituent. The fibre of cotton, which is a unit in the first place, is 
really one of the strongest fibres known when compared with its 
actual area, and has the advantage of great flexibility, enabling it 
to be used on smaller pulleys or sheaves than is possible with 
manila rope, and a cotton rope is therefore used in England for 
this purpose ; and I have been recently told of one of the largest 
plants in the country, which started up two years ago witli 
manila, taking it out and substituting cotton. Another trouble 
with the use of manila rope is the attempt to use it on too small 
pulleys, or idlers. 

Our colleague, Mr. Cooper, in his book on the “ Use of Belt- 
ing,’ says that six feet is the minimum size of pulleys admissible; 
but, of course, this must bear some proportion to the diameter of 
the rope. 

The English rule for cotton rope is from 30 to 36 diameters. 

I was shown a six-foot leather belt a few weeks since, which I 
was told was transmitting 136 H. P. at 13 miles per minute, or «bout 
9,000 feet. This agreed exactly with my published rule for the 
capacity of a double belt, and did not surprise me so much is the 
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statement that the owners had gone back to leather after trying 
ropes unsatisfactorily. 
An examination of the situation soon showed me the trouble. 
The power was transmitted from the ground floor of one mill to 
the second floor of the other one, and in so going the belt was bent 
twice at right angles, over two-foot diameter idlers. They told me 
that the first set of ropes lasted one day. They put on a second 
set themselves, which held ten days, and then went back to 
leather! One word more: Mr. Hunt’s diagram, Fig. 55, gives the 
horse-power which a manila rope will transmit at different 
velocities, and I submit the following comparison witl an English 
table I have of the power transmissible by a cotton rope at 50 feet 
per second, or 3,000 feet per minute, dard 


Manila. Cotton. 
l-inch Rope 10.75 10.50 


I have seen some very admirable specimens of English cotton 
rope made especially for this purpose, and know that it can be 
readily made in this country, although I do not happen to have 
seen any samples. I consider it very far preferable to manila. 

Mr. T. Spencer Miller.—Mr. Hunt’s paper is a valuable addition 
to the literature on the subject of rope transmission, and there is 
certeinly little room for contradiction. 

However, Mr. Hunt, on page 231 of the paper, gives a formula 
for the strength of rope as 720 x Cire.’. 

The result of tests made by the government lead the writer to 
believe that while 720 is about the right mz/tiplier for rope of 1 
inch in diameter, that for 2 inches in diameter would be much 
smaller, and of 4 inch in diameter much larger. 

The writer regrets his inability at this time to be more exact. 

In England, hemp and manila ropes have been largely super- 
ceded ly ropes of cotton, and I am satisfied one reason therefor 
is that dry manila ropes wear out too fast, while the Zwbricated 
ones give too low a coefficient of friction. 

The angle of the groove at 45° has been used for 33 years, 
being first introduced by James Combe in Belfast, Ireland. 

If we are to use tallow, lard, or other lubricated ropes, we cer- 
tainly should use a sharper angle in the groove, especially in the 
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American system—that employing a continuous rope, and making 
many wraps. 

Mr. Hunt's formula (No. 5) implies a coefficient of friction of .10. 
I have obtained a coefficient of .26, and have found one authority 
giving .28. 

Reuleaux advises for single line transmission 30° angle of 
groove. Ramsbottom, an English engineer, and Yale & Towne 
use a 30° groove in transmission wheels on travelling cranes, 
and the writer hopes to see the best American practice use 30° or 
35° as a standard angle for groove. 

The effort to pull out a greasy manila rope from a groove of 
30° is not worth consideration, although we hear a great ery about 
the loss of power on this account. 

The writer is strongly in favor of using the continuous rope 
system, and of using smaller ropes than implied in this paper. 

A factor of safety of 36 or 25 seems to me a factor for blunders 
in engineering rather than one for safety. 

The most perfect small transmission the writer ever saw (about 
20 H. P.) employed ;'; manila ropes on wheels 30 inches in 
diameter, using a tension carriage. 

Rather than use so large ropes, the writer thinks it wiser to 
replace small ones oftener, for by so doing a great gain may be 
made in efficiency and a saving of fuel. 

A large majority of the failures in the continuous rope plan 
has been when the driving and driven sheaves were of largely 
differing diameters, such, for example, as driving dynamos, and 
from engine fly-wheels to line shafts. 

As ordinarily installed, the ropes will not pull alike, and by cal- 
culation and experiment we may find one strand of rope pulling 
twice or even three times as much as other strands. It is no 
wonder, if this cannot be cured, that engineers advise a factor of 
safety of 25 or 30. 

An installation designed by the writer some two years ago, for 
J. K. Russell of Chicago, employs an engine driving sheaves about 
three times the diameter of the driven sheave. In order to cure the 
unequal pull on the strands of the rope, the grooves of the large 
driver were made 60°, and of the driven 45°. 

This change of groove has proven a satisfactory cure for this 
particular plant, and is arrived at from the following course of 
reasoning : 

It has been observed that im sheaves of the same diameter, by 
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the use of a proper tension weight, the ropes may pull alike, 
while, where the sheaves are of unequal diameter, they do not. : 


The only difference of conditions in the two cases lies in the 
difference of are of contact of the rope on the wheels, that of the ‘ 
large wheel being much greater than that of the smaller. 

To produce the same conditions as obtained in transmission 
having sheaves of same diameter, we must either sharpen the— 
angle of the small sheave or reduce the angle of the larger. 

In dynamo-drives the writer would advise using 45° for the — 
driving sheave, and as sharp as 30° in-driven; of course the 
proper angle of driver must be arrived at by calculation, as-— 
suming a coefficient of friction of .20 as being about a proper | 
medium. 

The above improvement is the subject matter of a patent re- 
cently allowed the writer. 

Mr. Scott A, Smith.—On his sixth page Mr. Hunt gives a 
diagram showing the power which a 1j-inch rope would trans-_ 
mit, which amounts to 42 H. P., at a speed of 4,800 feet per ; 
minute. Now, a 1j-inch rope occupies a space of 25 inches, in- 


285 feet of velocity per minute. 

Company in Massachusetts they used a two-ply belt for nine— 
months which ran a horse-power with 268 feet of speed per min- 

ute. Now, if we take a three-ply belt, it is very safe to say that 
that belt will drive a horse-power at 285 feet per minute. I 
have here a letter from the Washburn & Moen Manufacturing — 
Company of Worcester, showing that they are using four-ply ff 
belts. I speak of that to show the possibilities in belting. 


the same space which ropes would require can use a three-ply | 
belt and get the same amount of power, if I am correct, as I be- 
lieve I am; and, if they are not satisfied with that, they can asily — 
put a narrow rider on the top of the belt. The Washburn & Moen 
Company are using a belt nearly one inch thick. It is four-ply 
and 46 inches wide. Another belt which they are using is one | 
inch thick and 38 inches wide, and that belt has run eight years, - 
and they say it appears to be in good condition. This last men- 
tioned belt drives a receiving pulley 10 feet indiameter. Within 
a few years a good deal of attention has been given to making 
better belting and also to seeing that a belt has full contact with 


half of each flange, and tl 

juire f { the be lt should 
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the face of a pulley. In my own experience I have found that 
formerly, for instance, the fly-wheel of a pulley had altogether 
too much crown, and also would be frequently turned so that 
there would be ridges extending the whole width of the face on 
which the belt would rest. The practice now is to have the face 
of the pulley perfectly smooth. In reference to the low crown 
of pulleys in order to get the best tractive force, Charles T. 
Porter’s custom was to make the face of his driving pulleys per- 
fectly flat, and James Moore, of the Bush Hill Iron Works, 
Philadelphia, always ordered his pulleys to be made flat face. 
I have had a good deal of experience with quarter-twist belts, 
and if the belt were shaped especially for the purpose, I think 
it would work well. That shape is determined by some belt- 
makers by taking a belt which has been running a good many 
years driving quarter-twist, laying it out on the floor and seeing 
the shape the belt has taken by use, and then to make the new 
belt of that shape. They run very satisfactorily. 

The President_—In what shape do you find them after use ? 

Mr. Smith—That I cannot give satisfactorily. We leave it 
to the belt-makers to determine that. The belt tends to shape 
itself to the form which it should have. 

Mr. Jas. McBride.—1 would like to ask Mr. Hunt if he knows 
of any cases where power has been transmitted using the ropes 
crossed, 

The President.—I want to ask it Mr. Hunt has had any experi- 
ence with making the sides of the grooves concave rather than 
straight ; and whether there is any advantage in making them 
so, and not leaving a space at the bottom for the rope to 
clear. 

Prof. Jas. E. Denton.—Mr. Hunt has said a useful word regard- 
ing where rope comes in compared with belting. The rope 
comes in where belting works badly. Can he similarly sum up 
the relative importance of manila rope and wire rope? How 
does the transmission by manila rope have any advantage or 
disadvantage regarding wire rope in the same place ? 

Mr. Paul H. Grimm.—Having used both systems of rope 
driving, manila rope and wire rope, I think I can answer Mr. 
Denton’s question more or less satisfactorily. A manila 1ope 
may be used to turn corners. You can turn at right angles or 
any other angle with it by using suitable wheels (idlers), and 
thereby avoiding the application of gearing or anything 0! that 
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kind. I have never found a wire rope run satisfactorily over — 
idlers, and therefore think that it is not practicable to turn a 
corner with a wire rope ; and right there is where the application 
of manila rope comes in more particularly over wire rope. I _ 
have used manila rope for out-door driving, and have found it 
as durable as wire rope, doing the same amount of work under 
the same conditions as to speed. 

Mr. Hunt.*—Tcan make but a partial reply to the many points 
brought out in the discussion, for the lack of reliable data. 
Rope-driving is not a direct competitor with belting under the 
ordinary conditions of mill-work, as belting is by far the best 


becomes troublesome, that rope-driving comes in ; and the more 
troublesome the belting is, the more splendid does the rope-_ 
driving seem. 


comparatively great, and when the speed of the rope is high. 

In regard to the durability of manila rope as compared with 
hemp or cotton, I cannot speak from my own experience in rope- 
driving, but in coal hoisting there has never been a rope used 
which is at all to be compared with manila for durability, and, 
from analogy, I would suppose that for the similar, but lighter, 
work of rope-driving it would be equal, if not superior, to either | 
hemp or cotton. 

The strength of rope assumed in this paper is less than 
usually given in published tests ; but they are a fair average of 7 
the strength of rope sold in the market, and such as a purchaser | 
must expect to use. 

In the diseussion on the paper by Mr. Miller there is a slight 
misunderstanding when he say : “ A factor of safety of 36 or 2500 | 
seems tome a factor for blunders in engineering rather than one 
for safety.” In the paper under discussion I believe there was 
ho mention of a factor of safety, for the advisable working strain _ 
to use depends largely upon other considerations. If a co- 
efficent of safety could be ascertained of exactly the right 
amount when the rope is put on, the first day’s use would so 
weaken it by wear that it should be removed. The rope must 


* Author’s Closure, under the Rules. 


where the driving and driven shafts are at an angle with each 
other where a vertical drive is reanired when the distance is 
=~ 
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| 
have a large surplus of strength for wear in use beyond the 
strength needed for safety ; what this should be is a question 
upon which engineers differ. A high tension means a short life. 
If we had constants for the rate of wear, the first cost, the rate 
of interest, and cost of renewals, we could easily equate their 
factors and select the most economical size. While carefully 
watching for more light on these points, I believe the strains 
assumed in this paper are the advisable ones to use except for 
temporary installations. 

In reply to Mr. McBride’s question, I have seen cross ropes 
in use, and they work very much like cross leather belts; that 
is, very badly. The ropes were put in every other groove, and 
theoretically they would not touch, but practically they do chafe 
more or less. 

Replying to the query about a concave groove, if it is con- 
cave, the largest part of the rope, when it is spliced, wedges in 
where the angle is the most acute and puts avery great pressure 
on it; and, as the failure of a rope is usually in the splice, I 
think that will increase the wear. 

As to the comparison between manila rope and wire, manila 
rope transmission works well when exposed to the weather, and, 
what was unexpected, generally lasts longer and runs more 
smoothly than wire rope. I have not investigated the matter 
enough to give an opinion for which I would be willing to be 
held responsible in the future, but my present way of accounting 
for the fact is that there are two causes of abnormal wear with 
wire rope which are absent in manila. Wire rope used for 
transmission is not, in practice, lubricated in such a way as to 
have the lubricant reach the wires where they rub against each 
other in the rope, and consequently they are chafing each other 
dry. The second cause of wear is on account of the sheaves 
being filled with a soft substance to prevent wearing the rope. 
This frequently gets uneven and tauses short bends in the rope 
when in contact with the pulley and vibration in the rope bhe- 
tween the pulleys. 

Manila rope is usually lubricated internally, and the sheaves 
are turned true and always remain so. 


| 
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ACCIDENT-PREVENTING DEVICES APPLIED 
MACHINES. 


BY JOHN H. COOPER, PHILADELPHIA, Pa. 


(Member of the Society.) 


WueEN considering the possibility of damage to any machine 
while in service—an event likely to happen, as all experience 
teaches—the application of preventives would seem to be desir- 
able. ‘To provide machines with safeguards at every danger 
point, having for their object the protection of the attendant 
against injury, would seem equally desirable. When the dangers 
incident to rupture are very great, extraordinary precautions 
become necessary. The law-makers, not satisfied with the 
security afforded by one safety-valve on each independent steam- 
boiler, which may become inoperative by defect or neglect, have 
ordered two of good make, and that they shall be tested each 
working day, thus making surety doubly sure. 

A well-planned legal act may have good effect ; as, for instance, 
greater safety in the use of steam-boilers and economy of pump 
repairs are gained by the use of independently driven feed-pumps ; 
and the passage of this part of the Philadelphia Boiler Ordinance 
has wiped out the excuse of engine attendants, that low water was 
caused by their inability to keep the feed-pump in good working 
order, because it was attached directly to the engine, and there- 
fore was constantly running and as rapidly wearing out its pack- 
ing and itself. 

Every imperfect machine is liable to accident, which must 
happen sooner or later. It is like a strong chain with one weak 
link, whose strength cannot be counted as more than that of its 
weakest part. The nearer the : approach is made to uniformity of 


Strength and capacity for wear in all parts of a machine, the fur- 
ther away 1s accident removed from that machine. In the use of 
mate rials for any machine or structure, care must always be taken 


Pr ‘sented at the Richmond Meeting of the ‘rican Society of 


Engineers (1890), and forming part of Volume XII. of the 7ransactions, 
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to not exceed, by the stresses applied, the * elastic limit ;” safety is 
only to be secured and preserved by keeping fully within this 
boundary. 

In cases where breakage is imminent from the nature of the 
work to be done and the circumstances of use, a certain part of 
the machine is designed to receive a “ breaking piece” of trifling 
cost, which will hold the parts in place for all regular work, but 
will yield to unexpected strain and give warning of its failure, as, 
for instance, the delivery spouts of grain drills, which may at 
any time strike a hidden root or stone, when a frail wooden pin 
yields to the pressure and saves the machine. 

Instantaneously-acting stop-motions may be mentioned as live 
precautions, such as are applied to card-making machines, to 
weaving looms, and the like, for effecting a sudden stoppage when 
the card wire has gone astray, or when the tardy shuttle has 
failed to pass the web. Such also are relief-valves applied to th: 
cylinders and pipes of water pumps and to steam-motor cylin- 
ders, for sudden relief from destructive strains due to confined 
water. 

The safety pinion of Mr. Fogg, of Waltham, Mass., is of this 
character, and consists in attaching one of the pinions of tle 
train to its arbor by means of a screw-thread, so that, when it is 
driven in the direction it is intended to run, it will be down in its 
place and in gear, but in the event of the breakage of the main- 
spring, the force of the recoil will cause it to revolve in the oppo- 
site direction, when it will rise on its arbor out of gear with the 
wheel into which it takes, thereby avoiding all liability of deranze- 
ment of the train of gearing. 

Some machines are destined to early destruction through: lack 
of parts which should be designed for yielding to sudden strains 
and blows. 

The writer, some years ago, perfected a machine for beating 
gold, in which all previous attempts had sueceeded only in beat- 
ing itself to pieces. The solution of the problem was completely 
accomplished by judiciously connecting together, with elastic in- 
termedia, all the parts of the machine concerned with the recipro- 


-ating movements of the hammer, and these interposed cusiiions 
were made in simple form, of such common material as woul and 
leather. 

All engineers who have grappled with the problem of large 
steam and power hammers know the value of the knowledge 
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which enables them to apportion and locate aright the elastic 
and the rigid parts. 

With the lack of precision in certain moving parts of a machine 
and of means for adjustment of the same when worn or deranged, 
there results injuries to delicate and costly parts which are beyond 
repair. 

For machines in which a punch shall unerringly enter a number 
of dies in swift succession and never strike their edges while enter- 
ing (which would irreparably injure them), the movements being 
necessarily intermittent, with measured intervals of alsolute rest 
between each movement, during which the die is immovably 
locked in correct position for receiving the punch, the mechani-— 
cal movement shown in Figs. 60, 61, 62, and 63 was designed and 


built by the writer as long ago as 1871. This represents a type 


60. 


of a perfection of contrivance which secures immunity from self- 
destruction while in action. 

It consists of a wheel or disk, A, arranged to turn upon a shaft, 
4, as shown in Figs. 60 and 61. To the under side of this disk is 
attached, by screws, a series of blocks, J, all alike in shape, and 
arranged in a cirele concentric with the disk, and at equal dis- 
tances apart from each other, the blocks being so formed that 


there shall be between them spaces 4, each space having opposite 
parallel sides wx (Fig. 61), which are also parallel with a radial 
line, 7, drawn from the centre of the disk midway between the said 


sides ov, His the driving shaft, to which is secured an arm, G, hav- 


ing near its outer end a pin, d, carrying a cylindrical roller, ¢, which 
is of such a diameter as to fit snugly in but pass freely through 
any of the spaces b. The hub 7 of the arm @ is of the peculiar — 
Seginental form illustrated in the drawing, being cut away on the 
radial lines mm’, Fig. 61, and from the upper end 2, Fig. 60, of 
the hub to the line n’; the periphery of this segmental hub is 
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adapted to a segmental recess, «, formed in each of the blocks, and 
each recess is cut away at ». The arm @ is supposed to be turn- 
ing continuously in the direction of the arrows ; and, as seen in Fig 
61, the roller of the arm is on the point of entering the space / ; 
on the further turning of the arm the disk 4 must necessarily be 
turned in the direction of its arrow, the corner 7 of the segmental 
hub f at the same time receding, so as to offer no impediment to 
the free turning of the disk. By the time the arm @ has reached 
the position shown in Fig. 62 the disk will have completed one- 
half of one movement, and the corner ¢ of the segmental hub will 


Fic. 62. Fig. 63. 


be entirely free from the recess @ of the block )), while the corner 
i’ is approaching the recess of the block D’. As the movement of 
the arm continues, the disk A will continue to turn in the direction 
of the arrow, the segmental hub gradually taking its place within 
the recess v of the block J’, until the arm arrives at the position 
shown in Fig. 63, when its roller e is about to leave the space /, 
after which it can have no further control of the disk, which 1s 
locked by the segmental hub, owing to a portion of the latter fit 
ting the recess a of the block D’; and the hub, as the arn con- 
tinues to turn, will continue to retain and lock the disk until its 
roller e enters the next space 4’, Fig. 63, when the disk, freed from 
the control of the hub, will commence a second movement. It will 
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bescen that the disk is controlled inits movements by the roller of © 
the arm @, and that the locking of the disk is effected by the seg-— 
mental hub, the several parts being so accurately arranged in re- 

spect to each other that the disk is never free from the control of | 


the hub until the roller is in a position to turn the disk ; in other _ 


the roller of the arm or is locked by the hub of the same. 

recesses p in the recesses a of the blocks are necessary for per-— 
mitting the corners i and 7’ of the hub to take the course pointed _ 
out in the said recesses a. Although the segmental portion of the | 
hub may form a part of the arm, it may be made separate, as’ 
shown by the line w, and to secure it to the arm by suitable bolts 

and screws, so that the said segmental portion can be adjusted 

at pleasure, or renewed when worn, to be replaced by a new 
segment. 

The above-described movement is applicable to many machines, 
and under many circumstances, but one example of its applicabil- 
ity will suffice to illustrate the importance of the invention. In 
moulding soap, crude blocks of that material are placed in cham- 
bers of the proper size and configuration for imparting the desired 
form to the block, and the pressure on the latter is accomplished 
by means of a heavy falling plunger, which must enter and exactly 
coincide with the chambers. The chambers may be formed on 
the disk A, and be arranged radially on the same or a circle con- 
centric with the axis of the disk, and one plunger may be raised 
and permitted to fall successively into every chamber containing 
the soap. It is of the greatest importance that the disk should 
be immovably locked and in the proper position during the falling 
of the plunger, so that the latter may coincide with the chamber 
which it has to enter; it is also important that, as the plunger is 
elevated free from the chamber, the disk should be promptly and 
accnrately moved to the desired extent for bringing another cham- 
ber directly beneath the plunger. It will be evident that the 
above-described mechanical movements will meet all these require- 
ments. 

The blocks D are made adjustable to wear and precision, as 
shown in Fig. 61; for instance, where each block has a rib, », 
adapted to a radial guiding groove in the disk, and each block can 
be moved by means of a screw, v, and secured after adjustment by 
screws. The roller at the end of the arm can be readily removed, 
and replaced with such a roller as may coincide with the spaces 
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between the blocks, these spaces varying in width in accordance 
with the adjustment of the blocks. 

Many serious accidents occur from motor engines running 
away when the governor belt slips or slides off its driving pulley. 
These may be prevented by the duplication of the valve disks, 
the invention of the writer, and shown in Fig. 64. The ordinary 
balanced governor valve A is provided with two extra disks BB, 
which do not interfere with the passage of steam to the cylinder 
when the governor balls are revolving in the proper working plane ; 
but when they fall by loss of circular motion, the disks BB are 


64. 


drawn into the ways of the steam and effectually stop its flow, 
whence tle engine comes to a standstill. 

Loss of life or limb to an operative very often means the loss 
of a skilled “hand” to an important industry, as well as the loss to 
a family of its chief means of support. It may add to the bur- 
dens of public institutions and may lessen the productive power 
of our mills. Therefore, the prevention of accidents, in a humavi- 
tarian sense as well as in a commercial one, should be a matter of 
deep interest to us, demanding the exercise of ingenuity in the 
devising of effective means for securing this end. 
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The subject is a broad one, and this paper proposes to merely 
touch it at a few salient points, and there leave it to the humanely 
wise, to whom a hint is sufficient. 

On the well-recognized principle that self-preservation is the 
first law of nature, the duty of establishing and maintaining pro- 
tective appliances wherever necessary about dangerous machin- 
ery becomes apparent, and the effort to do so is worthy of praise, 
since we find that nature has well considered this necessity, hav- 
ing organized in our being ample means and methods of giving 
warning of approaching danger, and of guarding us against injury, 
which are at once effective and beneficent. 

Almost every machine has places about it which will pinch the 
flesh, mash a finger, or crush a bone, and it will perform these 
erucl acts upon any one who thrusts his members into its open 
jaws. 

With the exercise of ingenuity and care for protecting the 
machine against injury to itself, the attendant may be protected 
also, and if proper safeguards be thrown around a machine, 
with ordinary care and with instructions that may be given the 
attendant can perform all the work necessary about and with the 
machine with perfect safety to himself, thus preserving machine 
and man; while the employer, who may be held responsible for 
accidents occurring from exposed machinery which might have 
been protected at little cost, will have performed his whole 
duty. 

A great number of accidents is caused through loss of presence 
of mind by the eagerness of work-people to get through their 
work expeditiously, under threat of punishment if they do not. 
The largest contributions to the list of accidents are amputations 
and maimings of dexter hands, due to this eagerness. If urging 
must be done, these results of experience call loudly for safe- 
guards and warning mechanism, and the enforcement of stringent 
rules for safety, which shall be binding alike on employers, on 
foremen, and on the hands themselves. 

Drv. G. C. Swallow (inspector of mines for Colorado), says: 
“The greatest number of accidents on the hoisting cage happen 
from neglect of ordinary caution. It is noteworthy that visitors 
to mines do not come to grief. It is always the men best acquainted 
with ‘the workings who tumble down winzes or absent-mindedly 
ning the wrong signal. Careful as a miner may be, there comes a 
Moment of forgetfulness, which is perhaps the critical moment 
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for him.” “ After all, the great safe-guard against mining acci- 
dents is the ever-present realization of danger, and the consequent 
habit of caution. On this ground some mining men condemn 
safety-catches to cages and devices to prevent overwinding, 
thinking it better to trust to the watchfulness of the engineer 
than to any mechanism which is liable to rust and to fail just at 
the time—one instant out of hundreds of days—when it should 


come into play.” 

Dr. Swallow suggests that mine cages be completely enclosed 
by strong wire netting of a mesh too small for the hand or foot to 
pass through, in order to prevent accidents to these members 
while passing the framing of the cage ways. The top should be 
well protected by similar means against accidents from objects 
falling down the shaft upon the cage. Other means of con- 
venience and safety may be noted in this connection, as, for 
instance, sliding doors of light, open framework under control of 
an operator, may be fitted where needed for quick movement. A 
free space of 2 inches or more allowed all around an open hoisting 
cage has been insisted upon to prevent damage to the inadvertent 
foot projecting over the platform. Of all automatic mechanism it 
may be said: Those combinations which are much used need con- 
stant looking after so as to avoid accident by the failure or de- 
rangement of excessively worn parts; and those which are little 
used, to avoid accident by non-operation when wanted. 

To prevent accidents* happening from belts winding around 
shafts or couplings of the same, simple and cheap hooks or belt- 
rests may be devised for and attached in the needed places. 
They may be located as at C’, Fig. 65, to prevent a belt from 


* The writer has been favored with the perusal of a copy of a work published 
by the ‘‘ Society for the Prevention of Accidents in Factories,” illustrated by 42 
plates, with tri-lingual text. This assemblage of appliances and apparatus 
proves on examination to be a veritable encye'opedia of ingenious and practical 
means for the prevention of accidents in factories, and of injury to the operatives 
working therein ; it embodies the full record so far as completed by tlis com- 
‘mittee, up to the year 1889, covering twenty years of active existence. 
The self-appointed task assumed by this committee having already accom- 
_ plished remarkable results, seeks, by a well-directed public spirit, through this 
publication, to diffuse them among manufacturers every where. 
This publication, from which aid has been received in the preparation of this 
article, is, therefore, recommended to the attention of all those who desire to 
perfect the safety side of machines, as well as those who take more interest iD 


the “pies problems of the day than in 1 the mere mercenary outcome of 
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sliding off the pulley, and others, as CC, to hold the belt in safe 
position when off. 
In the belt carriers of Mr. Biedermann, which are formed of a | 
bent flat iron bow, C, Figs. 66 and 67, generally concentric with 
the rim of the pulley and around, say four-fifths of its diameter, 
and earry four to six hook-bolts which, project in a circle a few 
inches less than the pulley rim, the first bolt being situated at a 
point where the belt is taken up, and the last where it is paid 
out. When the belt is dismounted it is supported by these bolts, 


Fie. 65, 


retaining a curved position, and is ready to be remounted } it is 
enough to lift it gently with the long-arm Q, surmounted by a 
curved finger, and bring it in contact with the pulley, when it is 
immediately carried away upon the pulley P without the least 
exertion. 


Tn the case of a horizontal belt, which is taken up at the top of 
the pulley, the appliance is fitted rather higher, so that the first 
bolt may be brought as close as possible to the rim of the pulley ;_ 
this holt being removed from a to a’, to allow the long-arm room — 


to guide the belt and to set it in its real position on the pulley. 
See Fig. 68, : 


ali | A 


F is a light fork of hard wood, which prevents the appliance 
from being bent against the shaft when the belt happens to 
repose upon it. This fork does not touch the shaft when the 
belt is on the pulley. When the belt is horizontal and taken up 
from underneath, the same kind of appliance is used, but in a 
reverse manner. Oblique belts whose angle does not exceed 
45° may retain the appliance in its concentric form; but when it 


— 
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exceeds 45° the form adopted for horizontal belts should be used. 
Workmen frequently indulge in the bad habit of taking both 
ends of a belt (which is off the pulley and resting on a running 
shaft) in one hand and of pressing them together, in which case a 
fold is apt to be formed on the slack part which is liable to be 
drawn in under the tight part, and the whole be rolled up rapidly 
on itself on the shaft, with risk of accident to any one who may 
get caught in its drawing up folds. 

Many accidents occur from ropes and chains running off their 
sheaves ; an idea is given in Figs. 69, 70, 71, and 72, of guards ap- 
plied to such sheaves, 

These may be modified in a multitude of ways, according to the 
purpose to be served, whether as a protection to the hand, where 

ve 
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the rope must be taken hold of, or as a safety device to the 
machine itself, for hoists, cranes, and the like, where dislodged 


ropes would wreck the machine. _ 


“a 


hy 
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To prevent rolling wheels from running over any object in its 
way, a rail guard, shown by Figs. 73, 74, and 75, is provided and | 


Devices such as these for preventing accidents to machines and 
their attendants might be reproduced almost indefinitely. 
As new “hands” are coming into mills all the time, who are 
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presumably ignorant of the dangers surrounding them and of the 
constant care which is necessary to be exercised over their per- 
sons at all times, and so may meet with accident from such causes, 
it is desirable to have plainly posted rules which, if enforced, 
might enable them to avoid injury. 

A rule forbidding the cleaning of shafts and wheels, while in 
motion, with “waste ” or rags taken in hand, would save many of 
these all-important members from mutilation or loss. 


Stringent, clearly understood rules in regard to starting the — 
motive engine, which should be done only on well-determined | 
signals in cases where repairs are going on in any part of a mill, | 
that no accident may occur to the men at work upon standing 
machinery ; and, conversely, plainly visible and easily accessib le t 
alarm apparatus should be located at proper places in all the 


Fic. 7%. 


work-rooms, which are to be used in cases of accident for signal- 
ing the engineer to stop the motive engine at once. , 
Much has already been done, but much yet remains substan- 
tially to protect the attendant against projecting wedges, keys, — 
set-screws, nuts, grooves, and the like of machinery in motion, © 
which are so liable to catch his clothing and scarify his flesh. 
Many serious accidents have happened from this source, and 


| 
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the exercise of common ingenuity with uncommon vigilance seems 
necessary to reduce their number. 

The usual methods of protective boxing to belts, ropes, shafts, 
and pulleys, where they pass through: floors, should receive atten- 
tion, as their importance demands, and there are peculiar cases 

of these parts of transmitting machinery which need critical look- 
ing after. 

The engineer on duty must not be permitted to wear garments 
with loose fluttering ends; the same advice may be extended to 

all attendants, male and female, and to workmen on machine tools 

or any rapidly going machines. 

~The subject is an important one, not only in its humanitarian 
aspects, but in its promotion of increased production, by insuring 
full confidence to every operative that there is no such thing as 
harm in any machine, and that accident to man and machine are 
alike nearest the impossible. 

Much may be said of the grandeur of our industrial systems 
and machinery, of the excellence of our contrivances, which will 

do almost everything except think and talk, yet with their develop- 
ment and use comes a long list of distressing accidents, apparently 
beyond our power to prevent. 

Let us hope that from another presentation of this subject, a 
thought will be added to the many with which the engineer has 
to deal, and that he will employ it for the safety of machines and 
of men; that the growing intelligence of workmen will lead them 
into habits of greater watchfulness while in places of danger and 
to a more prompt obedience to orders respecting tle care of 
machines as well as of themselves; and that masters will take a 
“ holding turn ” in the consideration and application of protective 
devices wherever necessary. 

DISCUSSION. 
Mr. J. I. Gobeille.—There is one line of machinery which is cer- 

tainly more imperfect than anything else made in this country 
in this matter of danger in use, and that is the tool known as the 
jointer or buzz planer. The accident which usually happens is 
that the man, in running a small piece of wood over the knives, 
drops his left hand into the cutter-slot. That takes off his three 
last fingers. Or else he puts his thumb or the fore-finger of his _ 
right hand into the slot and loses that. So far as I know, there ~ 
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has never been any accident-preventing device for this tool which 
has been at all practicable. The only preventive which I have 
found for this class of accidents is to forbid a man from using a 
machine when he appears to be careless. It not only oceurs in 
the largest sizes but also in the smaller sizes. I know of one 
24-inch machine which is responsible for perhaps sixteen or 
eighteen fingers, and parts of hands, and it has been necessary 
to stop the use of it because men would get careless after using 
it for a year or eighteen months, and in an unguarded moment, 
venerally from seven o'clock to elght o'clock in the morning, 
they would thrust their fingers into the slot. Another wood- 
working machine which is extremely dangerous is the ordinary 
circular saw with tilting table. All the accidents which I have 
observed, or of which I kuew the circumstances, arose when the 
man in sawing put his hand back of the saw. That takes the 
hand between the fingers and cuts it up through the palm. 
This kind of accident has occurred several times under my own 
observation. It is a very serious accident, and difficult to cure 
without amputating one or more fingers. Another serious acci 
dent occurring in wood-working shops is to have a piece of wood 
caught on the top of the saw while running at perhaps °,000 


revolutions, and which hurls the piece with an impetus of per 
haps 2} miles per minute. It catches a man either in the chest 
or the abdomen. ‘That means, it knocks him senseless; he is 
partially paralyzed—his extremities being in a tremor for two 
or three days. I have had two accidents of that kind. One was 
the case of a young man nineteen years old, who was in this 


state a week. This young man was struck by a piece of pine 
33} inches long, about 4 inches wide and 1} thick. When we 
showed this piece of wood to our attorneys, anticipating trouble, 
they laughed at the idea that such a fragment could hurt a 
man seriously; but it nearly killed this young man, and it did 
it without any abrasion, simply leaving the mark of the corner of 
the piece of wood just below the chest. 

The President—I_ knew of a case very similar to this, where 
a contractor, a well-known man, a very skilful builder, living 
near me, attempted to put a piece of ordinary one-inch pine 
board 10 or 12 feet long against a circular saw to rip it lengthi- 
wise. It came back and struck him in the abdomen, knocking 
him senseless, and so injuring him that he died a few days after- 
ward. In another case a small piece of wood flew back from 
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a saw and cut a man’s thumb very badly. I believe indeed that 
this is a very frequent form of accident. 
Mr. Jno. 1. Cooper.*—There can be but one opinion expressed 


while discussing the subject of this paper regarding accidents 
to running machines and to the men who operate them. 

Every engineer can relate in detail numerous cases which have — 
occurred during his experience, but few care to bring such com- 
pany home to their feelings, and therefore desire neither retro- 
spection nor repetition of these painful happenings. 

It is an easy task to formulate a plan of accident-preventing _ 
devices after the harm is done, but the wiser engineer foresees 
the possible weakness, as well as the dangers ahead, which are — 
involved in his new enterprise, and at once embodies all the 
necessary means of safety in his original design. 

The writing of this article has for its object the furtherance of 
this latter idea 

Fortunately the American mechanical engineers are not bound — 
by such laws as we are told the ancient Hindoos have written 
in their books, which had the effect of closing the gates of prog-_ 
ress. “Under pretext of care for the creature, their authors ' 
imposed the fatal principle, that a man must not address himself — 
to discovery or invention, as Heaven had provided him all things’ _ 
needful.” 

Our more practical rule—‘ Take care of yourself ”—brings 
best results when faithfully carried out, and its force is not 
weakened by the addition of helping to care for others, who, 
lacking experience, may profit by advice or material methods 
placed where necessary, especially when we have come to know 
the meaning of the hard truth expressed in the doggerel of 
Tudibras : 


. 


= ‘*Ah, me! what perils do environ 
The man that meddles with cold iron. oe ¢ 


To the consideration of the two features referred to, a third 
may be named, and that is upon whom the responsibility falls 
when accident occurs, which may happen from want of proper 
safeguards where machines are dangerous or carelessly con- 
structed. 

More than twenty years ago it was said by M. Dollfus, presi- 
dent of the Mulhouse Society for the prevention of ——- 


+ Author's Closure, under the Rules. 
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in factories: “The manufacturer owes his workmen other 
things besides merely their wages.” Among these will surely 
be included their personal safety, secured to them from the mo - 
ment they enter his service. 

To argue the right and need of such care-taking, in the nt 
of existing law, would be as throwing words away, and whatever 


may be said for or against the objects and aims of any engineer 
who is devising means and methods for saving the limb or life 
of a fellow creature while engaged in the service assigned to him, 
he is without question contributing to an extraordinary and 
benevolent work. 
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CCCCXXVIITI. 


PROCESS FOR GENERATING AND CUTTING 
THE TEETH OF SPUR WHEELS.* 


BY AMBROSE SWASEY, CLEVELAND, OHI. 
(Member of the Society.) 

Tue theory of the interchange system of gearing according to 
- the solution first given by Professor Willis, in his treatise on the 
Principles of Mechanism is, “ that in a set of wheels of the same 
pitch, having a constant generating circle for the flanks and faces 
of the teeth, any two wheels of the set will work correctly 
together;” and as a rack is a gear so infinitely large that its 
periphery forms a straight line, it follows that, if the rack teeth 
are also described with the same circle as that used for the 

wheels, any one of the set will run correctly with the rack. 

The diameter of the generating or describing circle which 
gives one of the best forms of teeth for a set of wheels is equal 
tothe radius of the pitch diameter of a 15-tooth pinion, making a 
7}-inch generating circle for one diametral pitch. The flanks of 
a 15-tooth pinion being radial, a 12-tooth pinion, which is the 
smallest generally used in practice, will have the flank of one 
tooth nearly parallel to that of the tooth following, thus allowing 
the space between the teeth to be cut with the regular gear 
cutter. 

It was thought at the time this system was first brought out 
that its use would be very limited, as in the case of change gears 
for lathes, and where it was found necessary to construct a train 
of gear wheels; but time has shown that it has many advan- 
tages over other equally correct systems not on the interchange- 

able plan, and it has been constantly growing in favor, until it is 
now almost universally adopted, especially among those using 
cut gearing. 


Prof. Edward Sang has also solved the same problem in 


* Presented at the Richmond meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XII. of the Transactions. ‘ie 
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another way, by taking the rack for the foundation of all curves 
for a set of interchange gear wheels. In the Sang theory, instead 
of using a constant describing circle, the rack acts as a constant 
generator, and the faces and flanks of all teeth throughout the 
whole set of wheels are described by it; therefore it is evident 
that, if the constant generating circle which is used for a set of 
wheels according to the Willis theory is also used to form the 
teeth of a rack, this same rack can be used in accordance with 
the Sang theory to generate another set of wheels, and any gear 
of one set will work correctly with the other set. 

For many years, one of the foremost mechanical problems in 
gearing has been to reduce these well-known theories to prae- 
tice, and produce gear teeth having contours which correspond 
as nearly as possible to the theoretical curves. At first the teeth 
were drawn on paper or sheet metal, using ares of circles which 
approximated the true curves, and then templets were made to 
these drawings by which the cutters were shaped; but it was 
found that cutters made in this way would not give as good 
results as desired, and afterward curves which were very much 
nearer the theoretical lines than arcs of circles were laid out by 
means of Professor Robinson’s Templet Odontograph, and cut- 
ters made from them with much better results. Later, the curves 
of coarse pitch teeth were laid out, and sheet-stec] formers shaped 
to the lines as nearly as possible. These formers were then 
placed in a Pantagraph Machine, and cutters of the different 
pitches made from them; but it was found impossible, even with 
the large drawings, to make the formers sufficiently accurate. 
The Epicyeloidal Milling Engine was then constructed for gener- 
ating and milling the curves of one diametral pitch upon a steel 


plate, and, with these formers as a basis, cutters of any piteh 


were made. Thus step by step the process of making gearing 
with special cutters for each wheel, according to the Willis theory 
of the interchange system, has been brought to great mechanical 
perfection. 

In the new process, which is the subject of this paper, instead 
of making all gears so that they will run into a rack, the rack is 
transformed into a cutting tool, and by it the teeth of wheels of 
any diameter are generated and cut at the same time. 

Fig. 76 illustrates a gear generating and cutting engine, de- 
signed and constructed by the writer, for the purpose of reduc- 
ing to practice the principles of this process. The cutters are 


| NEW PROCESS FOR CUTTING TEETH OF SPUR WHEELS. 267 


shown in position as they appear in the machine when the teeth 
are cut partly across the face of the wheel. 
The cutting spindle and the main spindle which carries the 
wheel are connected by means of change gears, the number of © 
teeth to be cut in the wheel determining their proportion, on a — 


Fie. 76 


similar principle as the change gears of an engine lathe, thereby _ 
causing the cutting spindle to make as many revolutions as there ia 
are teeth required in the wheel, while the main spindle makes 
one revolution. 
The cutting tool, which is composed of a series of cutters rigidly 
connected, revolves, and at the same time moves longitudinally, 
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or endwise, at right angles to the axis of the wheel to be cut; and 
at the same speed, it is continually revolving at the pitch line, 
the motions being the same as in the case of a rack engaging 
with a revolving gear. 

As it would be impracticable to continue moving the whole 
series of cutters endwise, they are bisected, and these segments 
are connected in series forming two sections, which revolve upon 
a common axis, and each section is given an independent end- 
wise motion by means 6f a cam. When one section is engaged 
in cutting, it is carried endwise in the same direction and at the 
same velocity that the pitch line of the wheel is revolving, until 
disengaged from it, when the cutters, while continuing to revolve, 
are carried back by the cam to their original position, ready fo 
the next tooth. By means of both sections, as they continually 


revolve and alternately slide forward while cutting, and back 
when disengaged, there is a continuous cutting and generating 
process of the teeth in the revolving wheel. The head carrying 
the cutters is automatically fed across the face of the wheel, ani 
when the cutters have proceeded once across the gear is completed. 

Fig. 77 is a side elevation of a bisected cutter, and Fig. 78 
shows a series of six cutters, the end one being in elevation and 
which 


the others in cross-section—these having cutting portions 


in cross section represent the teeth of a rack, with the addition 
to the diameter of a given proportion of the pitch by which the — 
clearance and fillets at the bottom of the teeth are made. If 
their cutting portions are formed of cycloids, then the whole sct | 
of gear wheels cut with them will be of the epicycloidal or double- 
curve system. If they are formed simply of straight sides, then 
a set of involute or single-curve gears will be generated aud cut. 


| 
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or their cutting portions may be composed of both straight lines 
and cycloids and produce Professor MeCord’s recent system of 
gearing, which has composite teeth with the contours partly invo- 
lute and partly epicycloidal. 

All the cutters in a series are made exactly alike and inter- 
changeable, the thickness of each or the distance from the centre 
of one to the centre of that adjoining being equal to the pitch of 
the gear to be cut. As indicated in Fig. 77, the two segments of 
a cutter are first made whole, with four holes an equal distance 
from the centre, through which the rods pass that fasten them 


together. After the cutters are nearly completed, they are bi- 
sected with a narrow tool, leaving two holes in each segment. 

Fig. 79 is a cross-section of the head, showing the mechanism 
for revolving and reciprocating the cutters. The rods which extend 
through the cutters serve not only to hold them firmly together 
but to revolve them, and at the same time act as slides for the 
reciprocating motion. The spindles on either side of the cutters, 
through which the rods extend, are revolved independently and 
at the same speed by means of a parallel shaft, having a pinion 
at each end, which engages with a large gear on each spindle. | 
Iy this means the four rods carrying the two cutter sections are 
revolved from each end, thus avoiding the torsional strain which — 
would result if driven from one end only. The pair of rods for 
each section, after passing through one of the spindles, terminates 
in semi-eylindrical blocks. From each of these blocks a stud ex- 
tends, on which is.journaled a roll, engaging with a cam attached 
rigidly to the head. This cam is shown in Fig. 80, the working 
portions being made in the form of a screw thread, which, if 


270 NEW PROCESS FOR CUTTING TEETH OF SPUR WHEELS. 


extended all the way around, would have a lead equal to the 
_ thickness or pitch of the cutter. As each section of the cutters 

engages with the wheel but three-fourths of a revolution, the 

thread portion of the cam which carries the cutters forward 
extends only three-fourths of its circumference, leaving the 
other one-fourth for the reverse curves of the cam to bring the 
cutters back to their starting point. Pro- 
vision is made for adjusting one section of 
cutters so as exactly to coincide with the 
other. The variation in the spacing from 
one tooth to another is reduced to a mini- 
mum, as the series of cutters act upon both 
sides of a number of teeth at the same time, 
and serve to average and eliminate any local 
inaccuracies in the division of the index and 
driving gears; also to obviate any tendency 
Fic. 80. to crowd the wheel from one side to the 
E other. 

The endwise motion of the cutters and the velocity of the 
wheel at the pitch line being exactly the same, the process of 
generating and eutting the teeth goes on continuously and uni- 
formly around its entire periphery, so that one part is not heated 
more than another, but all the teeth are cut under exactly thie 
same conditions, and when the revolving cutters have once 
passed across the face all the teeth in the gear are completed 
and given the correct form for each diameter of wheel; and as by 
the Willis theory all gears are cut to run into a rack, so by this 
process the Sang theory is put into practice and a rack is made — 
to cut correctly all gears. “ 


DISCUSSION. 7 


Mr. A. H. Campbell.—I would like to inquire of Mr. Swasey if 
gear-cutting on this self-forming principle has ever been suc- 
cessfully accomplished, to his knowledge by means of a rack- | 
shaped cutting tool moving to and fro, as in a shaping machine. 

Of course, we recognize the novelty of the system he has so 
beautifully perfected, but I have had in my mind for some time 
that the same thing has been accomplished in a more or less 
perfect degree by the moving rack. I would, like just a little 
information on that point, as the subject is one in which I am 
very much interested. 


q 
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Mr. Oberlin Smith—I hope there will be more questions 
asked and facts given in regard to this paper, for it certainly 


records a revolution in gear-cutting, and a very novel and inter- 
esting process. I would like to ask Mr. Swasey regarding the 
practical efficiency of this system compared with the old meth- 


ods, especially as respects speed. Of course, we all recognize 
the economy of having so few cutters—that is, of having one 
set of cutters answer for all possible diameters of wheels. 
But, in actual practice in running the machines, about what 
economy is there over the other method in turning out com- 
mercial gears? It seems from what Mr. Swasey says that this 
machine must be much more rapid than those working by the 
old processes on account of the greater number of teeth doing 
the work. 

In regard to the question asked by Mr. Campbell, I think that 
the idea of which he speaks is analogous to the action of the 
Bilgram machine for planing bevelled gears. This machine can 
be adjusted so that it works upon a cylinder instead of a cone. 
I think if it were adjusted to that position that it would be just 
the process in question—generating the tooth curves as it goes 
along with a shaper tool made to the same contour as an invo- 
lute bevel rack-tooth would be. 

Mi. Jno. T. Hawkins.—1I do not know that I would like to 
undertake to express my admiration of this new method of gear- 
cutting fully, or that I could do so. I think it is one of the most 
admirable devices which I have ever seen in connection with 
gear-cutting, and I rise now merely to say, if it effected nothing 
further than that advantage which it has in preserving the di- 
ameter of the wheel constant while being cut, as affected by ex- 
pansion from heating, or obviating the wear of cutters in going 
around a large wheel, that this consideration alone would justify 
the adoption of this method. In my experience in gear-cutting, 
there is nothing more difficult to overcome than the disparity | 
obtained in the first and last teeth of wheels from expansion due 
to heating of the wheel, especially where the material is of a 
somewhat refractory nature, such as phosphor-bronze, which is 
a quite difficult material to operate upon with revolving cutters 
such as are used in cutting gears, particularly in cutting epicy-— 
cloidal teeth. This principle of continuing the partial cutting 
around the wheel and gradually working across the face for 
every rotation of the wheel maintains whatever change in di- 
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ameter is effected constant for all parts of the wheel. This is a 
very important matter, and completely overcomes that difficulty 
of having a large or a small tooth left at the end in gotting 
around a large wheel, which we so often encounter. 

I would like to ask Mr. Swasey a question which has just 
occurred to me. In cutting a gear like this, if it rotates pretty 
slowly and the cross-feed is considerable, it would produce a 
very similar effect on the tooth to the ordinary tool-cut mark 
in a planer or lathe. I would like to ask him about what pro- 
portion the feed bears to the rate of rotation ; about how long it 
takes to cut such a gear as that largest one shown. 

Prof. Jas. E. Denton.—I am afflicted with the same feeling 
of which Mr. Hawkins has spoken in regard to this paper, but I 
do not wish it to pass without saying a word of praise regarding 
it. Certainly, it is a piece of mechanism for American engineers 
to be proud of. It is very natural to expect that it should arise 
from the source from which it has, since we know of Mr. Swasey’s 
work in former years at Pratt & Whitney's, where he was the 
first, I believe, to generate teeth entirely by mechanical processes ; 
and now he has gone further in giving us this beautiful principle. | 
I want to say that while I admire the mechanical accomplish- 
ment in the highest degree, I think that the modesty of Mr. 
Swasey in waiting three years until after the apparatus was a 
practical success before making it public is a still greater and 
rarer thing. 

Mr. S. Tompkins.—1I had the pleasure of going through Mr. 
Swasey’s shop two or three years ago, and he showed me his | 
machine, and I became very much interested in it, and have 
thought about it a great deal since. It has occurred to me 
that, by arranging the teeth spirally, around the cutter, like 
an ordinary hob, and setting the cutter at an angle, it miglit 
be possible to obtain the same results without the cost and 
difficulty of making the cam and making the cutters in halves. 
I never had an opportunity to make a complete machine on this_ 
principle, but I made such a cutter and put it on an ordinary 
milling machine and cut some wheels of widely differing diameters — 
which seemed to work very well. I have never had occasion to. 
use this plan for any practical purpose. I would like to ask Mr. 
Swasey if he has ever tried it, and if so, with what results ? 

Mr. Jas. McBride.—I would like to ask Mr. Swasey if le. 
finds any more work on these cutters in the middle than on the 


NEW PROCESS FOR CUTTING TEETH OF SPUR WHEELS. 273 


ends. It appears to me there is more work done on the middle 
cutters. 

Mr. Ambrose Swasey.—In answer to Mr. Campbell, I will say 
that I studied for a long time to find some practical way of 
making the rack into a cutting tool which would cut the teeth 
of wheels to the best advantage, and at the same time correct in 
theory. .I found several plans which would approximate the 
theoretical shape, and others which were correct, but did not 
seem to me practicable. The idea of using the rack as a planing 
tool was among the latter, and also that of using a series of 
rotating milling cutters representing a rack, which 1 found was 
also open to some objections ; but when I struck upon the idea 
of bisecting the milling cutters, that solved the problem, and is 
practically the fundamental principle of this machine, there 

Em nothing specially new in the idea of having a rack to do 
the work, but simply the way in which the rack is constructed 
so as to form a cutting tool, and its application to the wheel to 
be cut. 

As to the president’s question about the efficiency of the 
machine, at first I thought of making a model, and afterward 
concluded, since I was in a position to make a practical working 
‘machine, that would be by far the best. I decided to make a 
machine large enough to cut a gear 20° in diameter, 4 diametral 
“pitch. This machine is now practically as first constructed, and 
has been used a great deal in our factory for cutting our regu- 

lar gearing, with very satisfactory results; but it was made to 
demonstrate the practical solution of a principle, and therefore 
Thave not studied its efficiency or commercial value. 

Answering Mr. Hawkins, the velocity of the gear depends 
upon the number of teeth. Assuming the cutters make 40 revo- 
lutions per minute, if a gear has 80 teeth, it will revolve once 
in two minutes, and proportionately faster or slower as the gear 
has a less or greater number of teeth. 

The feeding mechanism of the machine is governed by the 
spindle which earries the gear, so that for every revolution of 
the gear the cutters are fed a given distance across the face 
whatever the diameter may be, leaving cutting marks on 
the teeth similar to those produced by the regular milling 
process. 

As to the time of cutting gears, I have compared it with our 


Tegular gear-cutter, and found that a gear could be cut in very 
18 
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much less time, but I cannot give you any definite data on that 
point. 

Mr. McBride asks whether wear is equal on the different parts 
of the cutter. 

Most of the work comes on the middle cutters, the outside 
ones having very little to do, and then only in case the gear to 
be cut has a very large number of teeth. The smaller the 
number of teeth in the gear the less number of cutters are 
brought into action. As the cutters are made entirely inter- 
changeable, the outside ones can be put in the middle or changed 
about in any way, so as to make the whole set wear out 
uniformly. 

The system of cutting spur wheels to which Mr. Tompkins 
refers has been tried several times. I understand such a machine 

yas made in Germany more than twenty-five years ago, and 
several atte:npts have been made in this country to cut gears on 
the same plan. There are, however, some difficulties which are 
very hard to overcome on account of the hob being spiral. In 
order that the teeth of the wheel may have correct contours, it 
is necessary to have the hob large in diameter, with the angle of 
the thread very great, which has made the system not altogether 
practicable. 

Prof. Denton.—Doe’ this new machine cut any slower than the 
ordinary process ? 

Mr. Swasey.—No, sir; for the reason that when cutting a gear 
with 80 teeth there are perhaps 5 or 6 cutters each doing its 
part of the work at the same time instead of one, and while the 
cutters on the outside of the set are commencing to form the 
teeth, those in the middle are finishing. 

There is no time lost in backward motions, but a continuous 
milling process from the time the gear is commenced until it is 
completed, and it is only a question of how fast a set of milling 
cutters can be fed across the face of the gear. That I will leave 
to your experience and judgment. I will say, however, that | 
find in practice that it cuts the gears very quickly, and the 
machine is so thoroughly automatic that a man can go about 
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' A SINGLE-ACTING COMPOUND ENGINE. 


BY WILLIAM A. BOLE, PITTSBURG, PA. = 
(Member of the Society.) 


THE single-acting compound engine of which it is desired to 
speak in this paper, has been built up upon the plan of the single- 
acting high-speed engine which has been before the American 
public for some years. 

The advantages offered by the self-contained construction have 
been elsewhere reviewed, so that it is scarcely necessary to re- 
peat them. The working parts are impervious to dirt and grit, 
and copious lubrication is secured, and accurate maintenance of 
foundation and alignment is rendered less necessary. By a 
compound single-acting high-speed engine, an increased amount 
of power at a reduced cost can be developed in close quarters 
where ground room is costly ; a simplicity of design is secured, so 

_ that any ordinary engineer can operate it safely and successfully ; 
and by having a single valve controlled automatically for both 
cylinders, under all ranges of pressure and load, simplicity is secured © 
to a very great degree. 

The cylinders of the compound engine are provided with trunk 
pistons, each of which is coupled by a connecting-rod to its own 
crank-pin, these latter being opposite each other, or 180° apart, 
so that as one piston descends the other ascends, and at the same 
rate of speed. Above and across the top of these two cylinders 
is the steam-chest containing the vaive by which steam is admitted 
to and discharged from the high-pressure cylinder into the low- _ 
pressure cylinder, and thence into the condenser or the atmos- — 
plere. This valve is actuated through a bell crank rocker arm by 
2 shifting eccentric on the shaft outside of the engine frame. 

The sectional views, Figs. 81 and 82, show clearly the construc- 
tion of the engine. 

A by-pass valve allows steam to be admitted from the boiler to 


* Presented at the Richmond meeting of the American Society Mechanical 
Eugineers (1890), and forming part of Volume XII. of the 7ransactions. 
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the clearance space, and thence into the low-pressure cylinder, to 
facilitate starting up the engine. This valve, of course, is kept 
any 


& 


Section through Low-pressure Cylinder. 


entrapped water to escape from the cylinders by this means, and 
lessen the danger from breakage by water. It will be seen 
that there is no receiver space between the high-pressure cylinder 
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and the low-pressure cylinder. The space around the central 
body of the valve is always in connection with the high-pressure 
cylinder, and forms part of the high-pressure clearance. 


| 


Longitudinal Section, 
The use of a shifting eccentric and a single valve involves, of 


course, a variable point of compression in both cylinders. It is of 
great importance to bring final compression in the high-pressure 
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A SINGLE-ACTING COMPOUND ENGINE. 
cylinder up to the initial pressure, and neither above nor below 
that point, no matter what the engine’s load may be or where thie 
point at which cut-off occurs. This end is accomplished in tlie 
single-acting compound engine by carefully proportioning the 
clearance volume of the high-pressure cylinder and the relative 
displacements of both pistons. 

The valve in cutting off steam in the low-pressure cylinder be- 
gins compression in the high-pressure cylinder by the same act; 
and thus, as the cut-off in the low-pressure cylinder becomes later, 
compression in the high-pressure cylinder also begins later. If | 
the pressure in the high-pressure cylinder were always constant 
when compression began, then, of course, the final compression 
would vary with the point of beginning. In other words, it would 
vary as the cut-off in the low-pressure cylinder varied. But as 
this point of cut-off in the low-pressure cylinder varies, so also 
does the pressure in the low-pressure cylinder vary at this point, 
and that in the inverse direction. The later this point of com- 
pression is, the higher is the pressure in the cylinder at the time, 
so that the result is a uniform final compression in the high-pres- 
sure cylinder up to boiler pressure ; and it is to this feature that 
much of the economy of the engine is due. 

This variable cut-off with constant compression in the high- 
pressure cylinder is shown graphically by the following series of 
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Sample Cards taken in Test Room. 5 fe 


Of course the compression in the low-pressure cylinder varies 
with the point of cut-off as in any engine having this type of valve 
gear, In this cylinder, clearance is kept at the lowest possible 
point, 

The diagrams shown, Figs. 84 and 85, illustrate the efficiency 7 

of this construction. These were taken from a 14-inch and . 
24 x 14inch engine. It will be noticed that the fall of pressure * 
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between the high-pressure cylinder and the low-pressure cylinder 
is very small, as would be expected in view of the directness of 
the passage from one cylinder to the other and the absence of 
radiating surfaces between the two. 

The construction of the low-pressure piston is peculiar and 
worthy of note. The lower end of this cylinder is closed by a 
sleeve, or internal cylinder, which is bored to the same diameter 
as the high-pressure cylinder. The low-pressure piston has 
therefore two diameters; its upper end being turned to fill the 
low-pressure cylinder, and its lower end to fill this sleeve, or 
internal cylinder. This construction is primarily intended to 
equalize the displacement of air in the crank chamber of the 
engine and to prevent the pumping in and out of air as the low- 
pressure piston ascends and descends. This efflux of air would 
carry with it particles of oil and water held in suspension, and 
would be objectionable. This arrangement, however, has another 
use, and a quite important one. At the bottom of this interior 
chamber is an outlet provided with a check valve, opening out- 
ward, and closed by a light spring so arranged as to lift at 
slightly more than atmospheric pressure. As the low-pressure 
piston descends, it expels from the interior any pressure of air or 
steam, and at the bottom of its stroke there will be scarcely more 
than atmospheric pressure in the chamber when the check valve 
exhausts into the air. As the low-pressure piston ascends there 
is a partial vacuum produced under it, which helps to hold down 
the reciprocating parts of the low-pressure side, and maintain 
the single-acting effect which distinguishes this engine from 
others. This action assists compression, in bringing the recipro- 
cating parts to a stop at the upward limit of the stroke. 

Two indicator diagrams which were taken from this chamber 
are shown in Figs. 86 and 87. 

The governor is enclosed in an oil-filled case keyed to the 
engine shaft, and is a modified form of the old and well-tried cen- 
trifugal shaft governor with shifting eccentric. Motion is taken 
to the valve by means of a single rocker arm. The eccentric 
strap has a spherical joint to provide for the movement in two 
planes, as has also the upper end of the eccentric rod where it is 
attached to the rocker arm. The case containing the governor is 
completely filled with a heavy oil, and thus the latter is lubricated 
for long continued runs. The presence of this oil in the case 
effects a change in the speed of nearly 10¢, the speed increasing 
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- when the oil is added. This, of course, is due to the fact that the 
governor weights lose part of their centrifugal effect when im- 
-mersed in the oil, which latter is also revolving with the case and 

at the same speed. On account of the copious lubrication of the 

governor, no matter what the running periods are, the regulation 
is uniform and reliable, and is not, as in many cases, dependent 
on the period of time which must elapse bewween stops. All 


ait: 


Fic. 86. 
Diagram from Annular Space, Non-Condensing. 20 lb. Spring. ths 


other forms of shaft governors, so far as is known, require to be 
oiled while the engine is standing idle. 

The method of testing these engines is interesting, and the 
results are of value. After each engine is put together in the 
erecting shop, it is lifted bodily, and carried into the testing 
room, where it is bolted to a foundation, and connected up to 
steam and exhaust pipes, and regularly run for a period of from 
20 to 80 hours. This test reveals any latent defects in the cast- 


F 1G. 87. 


Diagram from Annular Space, Condensing. 20 1b. Spring. 


3 which might otherwise escape detection. It ussures the 
adjustment of all parts, the strength of all the engine’s members, : 
and prepares it for immediate service. 

The valve is adjusted to obtain proper indicator diagrams. A 
band wheel, having internal flanges on its rim, is keyed on the 
engine shaft, and a Prony brake encircles the same. By running 
« continuous stream of water into the rim of this wheel, it is an 
easy matter to carry a brake Joad of 250 H. P., when necessary, 
for hours at a time. The surplus water is taken off by an 


overflow scoop. The brake band is lubricated with raw fat of | 
pork. The elongated arm of the brake band rests on a pair of % 
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accurate scales, and the load is kept constant during a test, by 
the tension screw in the band, which is adjusted by the attendant 
from time to time, so as to keep the scale beam at all times in 
poise. The exhaust pipe of the engine is connected to a surface 
condenser of improved construction ; the injection water is sup- 
plied from the city mains or from a large tank containing several 
hundred barrels, and is kept circulating through the condenser by 
a pump. The indicator is applied to the engine and diagrams 
taken frequently. The brake is tightened up to secure the brake 
load which is desired. The indicator diagram shows the horse- 
power developed in the cylinders. The difference between the | 
indicated and brake horse-power is the engine’s friction under 


load. The steam, after escaping from the engine, is converted 


into water in the condenser, and is drawn off at the bottom of the 
same into tanks which rest on platform scales, and is accurately 
weighed and charged to the engine. 


When it is desired to run a test with vacuum, the air pump 
which is shown under the condenser in Fig. 88 is started; the 
free outlet of the condenser is closed and the water and air are 
pumped out and discharged through a second system of pipes 
into the tanks, and there weighed as before. The steam used to 
operate the air pump is generally discharged into the atmosphere, 
and no account taken of it. In cases where the air pum) is 
driven by the engine under test, the indicated horse-power is 
simply increased by the amount of power necessary for the pump; 
so that where the more wasteful direct-acting air pump is used, it 
should not properly be charged against the engine. Such test is 
made on every engine of this type built; and all the data, with 
the indicator diagrams taken during the test, are filed away in a 
record book kept for the purpose, and remain with the builders 
as a permanent record of the engine’s performance. This metliod 
of testing makes no deductions for water entrained in the steam ; 
and if the steam-pipes be not properly drained, or the condenser 
should leak, it all shows up to the disadvantage of the engine. 
The method is extremely desirable, as it affords a correct test in a 
brief period of time, and also admits of using steam from the same 
boiler for other purposes while the test is going on. 

The general arrangement of engine, brake, condenser, etc., 1s 
shown in Fig. 85. 

A facsimile of the testers’ record blank is given herewith : 
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Test No. . Copy. 


OrFice RECORD. 


Number of engine, Tested for 

Class of engine, Address 

‘Size of engine, 10 and 18 Jacketing, None. 

Maker’s name, Steam lap, in. 
Engine used for Exhaust lap, 0 in. 
Tested at | 


TesTers’ RECORD. 


Number of engine... 
Boiler pressure 
Speed 
Brake load. . 
Dead weight on scales. 
Time of start 


Time of stop.......... 

Duration of test....... 

Full barrel, ‘‘A”...... 

Empty barrel, “A”... 

Full barrel, “*B”...... 

Empty barrel, 
Water used 


charge 
Leakage per hour. 
Brake radius 
Spring 
Initial pressure, 
Terminal pressure. . 
Ratio of expansion 
High pressure M. E, 
Low pressure M. E. P. 
Indicated horse-power. 
Brake horse-power..... 
Loss or friction 
Percentage of loss..... 
Gross indicated water 


SIGNATURES oF TESTERS. 


Indicated by 
Water weighed by 
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Date. 
| 
| 1 | 2 3 |i 4 5 || 6 
480) 
11.20 1140 || 12 
366 865 365 
100 100 | 100 | | 
361 S65 | 365 
| | | 
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Condenser pump 


Condenser 


Exhaust 
Brake wheel water 
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n engine cannot be expected to do its best, of course, after 
only two or three days’ running; and it will, with good attention, 
keep on improving in tightness, and the friction will also be 
reduced as the surfaces of the pistons, cylinders, shaft bearings, 
* become polished and smooth by wear. 

In every case where an engine has been tested after being _ 
into service, it has shown this expected improvement to a 

marked degree. As an instance: A 12 and 20 x 12 compound 
‘engine, No. 24, which was tested in the engine shop in the fore- 
going manner on September 6, 1888, and showed a consumption 
of steam of 25,43; lbs. per indicated horse-power, was afterwards 
tested in service, by Mr. George H. Barrus, a member of this 
Society, on April 6, 1889, and the consumption of steam per indi- 


cated horse-power was then 22,35, lbs. non-condensing. 
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HYDRAULIC HOISTING PLANT FOR PIER OF BROOK. 


LYN SUGAR REFINING COMPANY), 
BY LOUIS G. ENGEL, BROOKLYN, N. Y. 


PLANT. 


(Member of the Society.) 


Tue work to be accomplished by a hoisting plant on the pier 
in question was the unloading of packages varying in weight 
from 1,200 lbs. to about 2,600 lbs. from vessels lying alongside, . 
including the drag along the intermediate decks of said vessels — 

to the hatches, and the transfer of a part of these packages to | 

the second floor of the pier for storage. 7 

If we except the use of electricity, which for hoisting had not 
been extensively developed when the matter was under consid- ; 
eration, three general methods would naturally suggest them- 
selves, viz. : 

1. Separate steam- engines with drums. 

2. Shafting driven by an engine on shore, with isolated friction 
—_ actuated either by friction gear or a belt. 

A hydrautie system. 

i was the extensive use of water pressure in steel-mills in| 
this country and on docks abroad, and its great handiness in 
those places, which led me to suggest a hydraulic system, as_ 
well as the fact that elevators were decided upon as best 
adapted for hoisting to the second floor. 

Notwithstanding the simplicity of separate engines, they have 
their disadvantages, especially when a number are required; 
thus: 


i They occupy valuable floor space ona pier, and require hous- 
: ing in the winter. 

The condensation in long steam-pipes, the getting rid of tlie 
exhaust steam without nuisance, and the freezing of drips and 
connections, as well as the great excess of power usually pro-— 
vided, which is of no use except to damage and tear packages s 


* Presented at the Bistesad meeting of the American Society of Mechan cu! — 
Engineers (1890), and forming part of Volume XII. of the Transactions. 
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under hatchways, and in breaking out the cargo, are all disad- 
vantages which may be urged against this method of hoisting. 

As for the second system, it will be easily seen that the use of 
two out of six hoists (which is not uncommon) must be attended 
by a great loss of power; for an engine large enough for all the 
work must be run, as a as the shafting belonging thereto. 
Such a system can only be economical where a majority of the 
hoists are in constant operation, as on piers used by regular 
lines of steamers. The system is, moreover, difficult to apply to 
isolated hoists, and as the plant is intended to stand when com- 
pleted, would have required the oiling and keeping in line of 
about 500 fect of shafting, with some of it on rather uncertain 
supports. 

The principal disadvantages to be urged against a hydraulic 
system are first cost, and danger of freezing in this climate. 
The latter we expect to prevent by using a non-freezing mixture, 
but I can give no figures as to whether a greater economy will 
balance the former. One fact is certain, that any man of ordi- 


far less time than with a steam-engine, for the motion is positive, 
without any expansion, and under perfect control. 
Of the superiority of a hydraulic over a steam-elevator there 
“an be no question. 
Again, with large mains and an excess of pump capacity, 
additional hoists may be added as required. 
: Lastly, it is quite probable that the system is an economical 
one, especially with a compound pump, which refinement we 
omitted, because the exhaust is immediately used for heating. 
plant consists of the following parts: 
|. Pump for pressure, and drip pump. 
2. Two weighted accumulators. 
. Pipes: High-pressure main, low-pressure return main, and 
drip-pipe. 
Tanks Suction-tank and drip-tank. 
». Four whip-hoists for unloading vessels on to the first floor 
ot pie 


Two hydraulic platform elevators. 


I. Tue Pump. 


| The pump is the Worthington horizontal duplex plunger 
7 pressure pump, 204” x 44” x 15’, and will run at about 55 lbs., 
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against 800 lbs. water pressure, and our ordinary exhaust pres- 
sure of 4 lbs. The pump is calculated for 800 gallons per 
minute. The water glands, plungers, valves, and seats are of 
bronze. The drip-pump is a Rumsey rotary, driven by 2 hand- 
crank. 


Il. THe AccuMULATORS. 


The two accumulators are placed side by side in a brick tank. 
the bottom of which is a large block of concrete, resting on square 
spruce piles driven through the mud into the beach. Two otf 
moderate size were selected rather than a single large accumu- 
lator, because one may be repaired without stopping the plant, 
as either can regulate the pump. In operation, one is actually 
weighted heavier than the other, and controls the pump steam- 
valve, while the light accumulator remains full in reserve for 
any excessive draft on the system. 

The construction of the accumulators is shown by Fig. 89. 
The plungers are 10 inches diameter by 8 feet stroke. The 
weighted form was adopted in preference to a steam-balanced 
accumulator on account of too great a variation in steam pres- 
sure. The wrought-iron tub, A, with cast-iron bottom, loaded 
with 39,000 lbs. of pig iron, is suspended from a cross-head, /), 
on the plunger, C, which slides in the cylinder, ), with proper 
guide and stuffing-box. The cylinder rests on the brick founda- 
tion on the brackets, FZ, and is held down by anchor bolts. A 
steadiment for the weight is provided by two guides of rails on 
wooden posts at F. The tub is prevented from rising too high 
by two rods with buffers, as at G, which pass up through the 
cross-head from the base brackets. 

The stuffing-boxes are deep, and are arranged for seven- 
eighths square flax packing, which has also been used on all the 
large plungers and pistons of the system, and has thus far given 
excellent results. The glands are of bronze, and have drip-pans 
like //, with pipes to catch any leak from the stuffing-box. Per- 
manent joints are made with lead. 


Ill. Tue Pipes. 


The high-pressure main consists of five, four, and three-incl 
nominal diameter double extra’ wrought-iron pipes, with oval 
male and female flanges, and two bolts to a joint. These «are 
shown, as well as the cast-iron tees, in Fig. 90. All the sepa- 
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rate parts of the system were tested to 2,500 lbs. The threads 
are straight, and the ends of the pipes are faced fair with the 
flange. The joint is made between these faced ends by a gasket 
of “dermatine,” a special rubber insoluble in oil or glycerine, 
which it may be deemed advisable to use in the future. 

I will now describe the special appliances on the pipes to pre- 
vent a break on the main, and to nullify as far as possible the 


evil effects, should one oceur. Thus, each connection from the 
two accumulators, as well as that from the pump to the main, 
has on it a weighted safety-valve (Fig. 91), consisting of a bronze 
plug working through a leather cup, and closing on a conical 
' bronze seat, as shown. The safety-valve on the pump is to pre- 
vent the latter from bursting the connections under its stop- 
valve. The function of the accumulator safety-valves will be 
explained in connection with the automatic stop-valves, one of 
Which follows each safety-valve on the run toward the machines, 
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wi The automatic stop-valve (Fig. 93) consists of a bronze sleeve, 
A, seated on a conical seat, B, in a tee body, (, in such a man- 
ner as to leave an annular space, DD, around said sleeve in the 
direction of the run of the tee. Thus, if the valve is closed 
against the branch of the tee body, Z, the run of the main, CC, 


is still open. Again, it will be observed that when the valve is 
open and under pressure, the only unbalanced pressure is that 
due to the area of the stem /, which area is counter-weig!ited 
(not shown), so that the valve is in balance at 550 to 600 |bs. 
pressure. The stem is also provided with a thread, as shown, 
so that by screwing up the hand-wheel, G, against the cross- 
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head, 7, the valves may be used as an ordinary stop-valve to 
shut off either an accumulator or the pump. 

In order to understand the automatic function of these valves, 
I will now explain the method of putting pressure on the systei. 

The pump is run slowly until certain air-cocks, by showing 
water, indicate that the high-pressure main is full. All the 
automatic stop-valves are now closed until the pump discharges 
through its safety-valve back into the suction tank, when they 
are again opened wide by means of the hand-wheels on the 
thread. These hand-wheels are then immediately run up to the 
cross-head again, releasing the valves, which, as they are now 
under 750 to 800 lbs. pressure, remain open on account of the 
unbalanced pressure on the stem area; but should the pressure 
fall below 55!) lbs. they would fall by reason of overweight. 

The light accumulator now rises to the top of its stroke, and 
is stopped there by rods from the base. The heavy accumulator 
then rises to two-thirds stroke, and there lifts a weight which, 
by means of a connecting chain, counterbalances the weight on 
the steam regulator valve of the pump.. The last weight then 
falls and shuts off the steam, and the system is ready for use 
with the pump under control. 

The weight raised by the accumulator has a second chain, slack 
enough so as not to interfere with the pump regulation, to a 
heavily weighted vertical cog-rack, in a sliding frame, held from 


falling by a gear-wheel meshing into it, which is prevented from 
turning by a projecting tooth on an inclined hinged lever, also 
weighted to hold it in place. A light chain passes from the 
lower end of this lever to the stem of each of the automatic stop- 
valves. 


This completes the safety arrangement, the action of which is 
as follows: 

Should a break occur on the main, such as would endanger 
the accumulators by too rapid a descent, the pressure would 
probably fall below 550 lbs., which would cause the automatic 
valves to drop instantly and shut off the accumulators and 
pump from the break. Any one of these valves in falling will jerk 
out the pin from between the teeth of the gear-wheel support- 
ing the weighted rack, the descent of which rack lifts the coun- 
terbalance of the weight on the steam regulator ; and as the last 
weight is free to act, it instantly falls and shuts off the steam 
from the pump. 
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Any further movement of the accumulators or pump which might 
occur will be relieved by the safety-valves under the automatic 
stop-valves, so that a sudden shock would probably be avoided. 

This arrangement has been repeatedly tested by allowing the 
pressure to fall below 550 Ibs., when the entire preceding action 
; a been observed to take place within a few seconds. 

- The branches from the accumulators unite in a tee, from 
which the main runs out on the pier, passing through the auto- 
matic stop-valve of the pump on the way. 

~The main is twice reduced in size on the pier, and is provided 
with tees at suitable intervals, to which tees are directly bolted 
the stop-valves for the separate machines. These valves, shown 

on Fig. 92, are of bronze, similar internally to the automatic 
valves, and are provided with leather cups. The pipes from them 
to the machines are 2} inches nominal diameter, double extra. 

LV. THe Tanks. 
The water discharged from the machines is returned by a 
‘main of ordinary pipe, 2, 3, and 4 inches diameter, to the sue- 
 tion-tank, which is covered by an inverted conical strainer of 
punched sheet brass on a frame, the circumference of the base 
of which is an angle iron resting on the top of the tank, and of 
its full diameter. All the pipes from safety-valves, drip-pump, 
and the exhaust main discharge into this strainer, so that any 
particle of scale, packing, or other material which might be 
borne along by the water will be prevented from entering the 
pump. A second coarse strainer is placed over the suction pipe 
_ to hold back bolts or rivets from the first strainer which might 
become loose. These extra precautions may appear unneces- 
sary, but when it is borne in mind that particles in water at 
such high pressure will not only cut the valves if caught under 
them, but will cause the pump to jump and break the high- 
pressure gauge, the expense is warranted. 

A third pipe, 2 inches diameter, is placed under the pier, 
with a down grade toward the drip-tank in the accumulator pit. 
Into this tank flow all the leakages from stuffing-boxes, as well 
as the drains from all the pressure cylinders, from whence they 

_ are raised to the suction-tank by a rotary hand-pump. 

We will now consider the stopping and starting device for the 

machines. This is the Ellington valve, is entirely of bronze, 


and is used both on the elevators and whip-hoists. fA 
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The body, Fig. 94, is a cylinder with three branches—J, the 
high-pressure inlet ; Y, the way to the machine and the return 
passage from the same, and Z, the exhaust outlet to the return 
main. A cup leather is held at M,as shown, The piston is 
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also fitted with a cup leather at /, and is turned down to form 
‘an annular space, /’, the passage slots beyond each end of which 
are cut with a peculiar taper, so that when the piston is moved 
these slots in passing cup leathers shut off the ports and pas- 
sages in a gradual manner, and thus sudden shocks on the pip- 
ing, due to the arrest of moving water under high pressure, are 
avoided. A small poppet-valve, H, at G, held down by a spring, 
gives further relief in action, as follows : 
If the piston is pushed to the middle of the stroke, as in the 
drawing, its annular passage is shut off from the pressure at 
_X, and from the exhaust at Z, by the cup leathers at / and J, 
but is open to Y. This movement corresponds to stopping a 
~ machine. If the machine has been exhausting, the water, issu- 
ing from Y, raises the small valve, //, at G,in which case H 
becomes a relief valve during the time the machine is coming 
to rest, and balances the inertia of the moving parts against the 
high pressure at NX. 
It will further be easily seen that by sliding the piston to the 
- deft sufficiently, X and Y, or the pressure and the machine, are 
in communication by the annular space of the piston, and the 
exhaust is closed. By sliding to the right, Y and Z, or the 
machine and the exhaust, are in communication, and the pressure 
shut off. 


> 


. tion that all the drips and smaller connections of the machines 
on the high pressure are closed by asbestos packed cocks. The 
_ exhaust pipes are provided with Ludlow gate valves. 


This will finish the description of the piping, except to men- 


V. Tae Wuip-Hoists (Fics. 95 anp 96). 


Of these there are 4 in the system. Each consists of a mass- 
ive vertical cylinder with stuffing-box and gland, resting upon 
a pedestal carrying 4 thirty-inch grooved wheels on a common 
shaft, the eylinder enclosing a plunger of cast-iron 8} inches 
in diameter, and of a sufficient length for 8 feet stroke. This 
plunger is surmounted by a cast-iron fork sliding on two 2-inch — 
wrought-iron bars and carrying four wheels, the same as those 
below. A three-quarter-inch wire rope starts from a socket 
attached to the base and passes around the sheaves in the 
manner of a tackle, while the last whip end passes up to the a ; 
second story of the pier and envelops a drum on a horizontal 
shaft just under the roof. This drum consists really of two 
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drums, one 30 inches diameter, more than twice the width 
necessary for the wire rope, and a drum 48 inches in diameter 
alongside. A counterweighted travelling sheave coils its rope 
into the grooves left vacant by the unwrapping of the whip end. 
By applying pressure under the plunger, the reverse action of a 
tackle ensues; the whip end is taken in by eight times the 
stroke, or 64 feet, and if a manila rope be coiled on the 30-inch 


drum and run out to a vessel, 64 feet of hoist may be obtained. 


By exhausting the water, the plunger sinks by its own weight : 
and is assisted by the counterweight, which, furthermore, all 
all the wire ropes taut, while the manila rope has a small coun-— : 


terweight attached to overhaul it. 
It is ordinarily intended to hoist with the 30 inch drum a 
hogshead of from 2,000 to 2,500 lbs., but some allowance had 
to be made for tke friction of the machine itself and the lead- 
ing blocks, One machine, with a grooved sheave only for the - 


Fig. 96. 
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manila rope, on a test with 750 Ibs. water pressure, balanced 
3,270 Ibs. iv 


The 48-inch drum is for use in case lighter packages are to !e 
hoisted ; for instance, slings of bags or mats, which will vary 
from 1,000 to 1,500 lbs. The drums are not strictly in this 
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proportion; some advantage has been given the larger drum for 
greater speed, as the possible hoist is longer, viz., about 90 fect, 
Thus the wire rope merely turns the drums on their shaft, the 
counterweight overhauls the machine, and all the direct hoisting 
is done by manila rope, which is furnished by the stevedores 
unloading the cargo. Fig. 95 shows the details of construction — 
of the whip-hoist, and Fig. 95a the position on the pier, as well 
as the valve arrangement. The drum was placed in the roof so — 


that both sides of the pier would be equally under command, | 
and to this end the operating levers and rods go to a window on 

either side of the second story, so that the hoistman stands where 

he can view the hatchway of the vessel from above, and tlius— 
hoist more intelligently than if he were gauging by a knot on 
the rope. This arrangement of rods and bell-cranks for sliding 
the operating valve is clearly shown on Fig. 96. Each hoist is’ 
made to close its valve automatically at the upper end of the 
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stroke, and is further restrained from leaving the cylinder by 
stops on the guide rods. The hoist also cushions on springs at 


the lower end of the stroke. 


VI. Tue Hyprautic ELEVATORS. 


Of these there are two on the system—one on the pier, with 
platform 10 feet x 10 feet and 15 feet run; the other in the ware- 
house, with platform 8 feet 6 inches x 10 feet and 52 feet run. 


Both are equipped with safety devices and are actuated by 
the ordinary high-pressure vertical-piston machine. This is 
shown on Figs. 97, 98, and 99, and differs from the whip-hoist by 


applying the pressure over a packed piston to pull down the 
latter with its rod, instead of pushing up a plunger. The disposal 
of the exhaust water is also different ; thus, instead of discharg- 


turned by a eireulating pipe under the piston, completely filling 
this space, to be pushed out by the next stroke of the machine. 
A deficiency in the quantity of water over the piston caused by 
the displacement of the piston rod (which is lacking below), is 


hoists controls this circulation, and when this valve is in mid- 
stroke or closed, the piston is held between two incompressible 


made up by an enlargement of the circulating pipe, which, being © 
full, makes up what is wanting. The same valve as for the whip-— 


7 


ing into the exhaust main direct from over the piston, it is re-_ 


masses of water, which lock the platform in any given place and ‘ 
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resist any unsteadiness of the same while coming to state of 
rest. 

The 10-foot square platform, on a test with 750 lbs. water- 
pressure, balanced a load of 5,700 Ibs., and will readily lift the 
4,500 Ibs. for which it was designed. 

A direct plunger under the platform was contemplated instead 


of the preceding machine, but was abandoned because it cut the 
dock timber too much and projected into a strong tide. 

Figs. 100 and 101 show the accumulators, pump, and tanks, in 
which AA are the accumulators; 2 is the pump; C,the suction- 
tank ; D, the safety-valves ; the automatic stop-valves ; the 
high-pressure main; (, the low-pressure return main; ani 1, 
the suction to pump. The drip-tank and pump are not shown. — 
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Fig. 102 shows the general arrangement of the hoists on the 
pier, and explains itself. 

The choice of high pressure over low may require some ex- 
planation. Of course the chances for leaks are vastly increased 
by the use of high pressure, and the workmanship must be of a 
superior kind; but, weight for weight of material to do a certain 
amount of work, there is little to choose either way, while the 
great bulk of low-pressure machines was objectionable on ac- 
count of limited space. 


| | 


The system was constructed by Messrs. Otis Bros. & Co., of 
New York. It was necessary to make special patterns for every 
part of the work except the pumps, and the design of the details 
is due to Mr. Rudolph C. Smith, and follows as nearly as possible 
the requirements of the London Water Works System. Exce)t- 
ing the delay always experienced with experimental machinery, 
the plant has given satisfaction, but, as before mentioned, no com- 
parison has been, or is likely to be, instituted by us between the 
relative economy of operation of this system and one based on 
separate steam-engines. 
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BXPERIMENTAL DETERMINATIONS OF THE LATENT 
HEA OF AMMONIA AND SULPHUR D10. VIDE. 


BY D. 8, JACOBUS, HOBOKEN, N. J. 


(Member of the Society.) 


Tuese two fluids are at present the most generally relied upon 
- for the production of artificial cold, which, as is well known, 
now forms an important and increasing field for the application 
of engineering ability. The latent heat of these fluids is the 
most important factor employed in calculations regarding the 
performance of a given plant, and for this reason the writer pre- 
sents the following experimental figures, together with a de- 
scription of an apparatus which has been constructed at the 
Stevens Institute, in order to verify results of experiments 
already made and to be used in original research on the matter. 
The experimental values which have come under the notice of 
Experiments made by Regnault + show that the heat required 
to evaporate ammonia at the temperature of 11.67 C., or 53.01¢° 
Fahr., and the corresponding pressure, and to reheat the gas to 
this temper: ature after it has been cooled by passing it through 
an orifice which reduces its pressure to that of the atmosphere, is 
24.2 calories per kilogramme.t This figure is greater than the 
latent heat of evaporation by pret amount of heat required to 
reheat the gas. It is not possible to deduce the latent heat 
from the figure just given without employing j theoretical values 


— 


resented at the Richmond meeting of the American Society of Mechanical 
Engineers (1896), and forming part of Volume XII. of the Transactions. 

+The results given are an average of twelve experiments published by Re- 
cnault in 1871, for the reference to which we are indebted to Mr. A. Siebert, of 
the De La Vergne Refrigerating Machine Co. (See Annales de Chimie et de 
Physique, 4th Series, Vol. XXIV., page 375.) 

} To obtain this figure an assumed value has to be employed for the specific 
heat of the liquid ammonia, The value employed is .8, which is the same as is 
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for some of the quantities involved. The specific heat of the 
liquid ammonia also enters the problem, and, as this has not 
been determined, it adds another element of uncertainty. The 
probable latent heat deduced from Regnault’s experiments at 
the above temperature is 289.8 calories per kilogramme. For 
] 
further details, see the Appendix to this article. 


® > 


DIOXIDE. 


SULPHUR 


Latent Heat of 


Date at Evaporation. 


which Ex- Conditions in regard to 
AUTHORITY. periments Tempe rature and Pressure Ebulition 
were under which the Latent Calories, British 
Publi Heat was Determined, Gterees: Salories peat units 
Published. i Fahr. per Kilo- per 


cramme. 
era Pound. 


Favre and Silbermann *.... 1853 Atmospheric Pressure.... 13.86 94.56 170.21 
1s90 5.74° Cen'igrade ....... 42.39 $9.38 16088 


Regnault made a series of experiments on both ammonia and 
sulphur dioxide, but unfortunately the greater part of his records 
were lost during the Commune.| A series of twelve experi 
ments on ammonia were, however, preserved, and although the 
results may not be as regular as some others which were lost,* 
they were made with all the characteristic accuracy of this 
eminent physicist, and agree among themselves to within about 
: 4's¢. The results of each of the experiments are shown in 
Table L. in the sequel. 
An examination of Table I. will show that the average tem- 
perature of evaporation varied from 7,8° C.to 16° C. The ex- 
periments do not, however, agree well enough with each other to 


used by Regnault in his computations. A value is given by Regnault for the 
amount of heat required to evaporate and afterward heat the expanded gas. 
This value is not precisely the same as the figure given above, because Regnau!' 
included the cooling effect produced by the expansion of gas that is in the cal- 
orimeter after the liquid has evaporated, whereas we bave deducted this qua: 
tity. 
— * Annales de Chimie et de Physique. 3d Series, Vol. XXXVIL., p. 470. 
Dhid. 5th Series, Vol. p. 251. 
Abid. 6th Series, Vol. XV., p. 498. 
§ Ibid. 6th Series, Vol. XXI., p. 116. 

| Annales de Chimie et de Physique, 4th Series, Vol. XXIV., p. 380. 
| Annales de Chimie et de Physique, 4th Series, Vol. XXIV., p. 429, 430. 
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allow an average to be taken of those made at a high and those 
made at a low temperature; for example, experiment No. 3, 
which is made at the highest temperature, should, by theory, 
give the lowest latent heat, whereas the value given in Table 
V. is about a mean of the others. 

The results of Regnault’s experiments are represented graph- 
ically in Fig. 103. 
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Latent Heat in Calories per Kilogramme 
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ae. of Ebullition in Degrees Centigrade. 
- Fia. 103. 


Regnault’s 8 apparatus consisted of the calorimeter of evapora- 
tion, represented in Fig. 104, together with a second calorimeter 
attached at m, which was used to determine the amount of heat 
absorbed by the expansion of the gas down to the pressure of the 
atiosphere. We have not represented the calorimeter of ex- 
pansion, The apparatus shown in Fig. 104 consists of the vessel 

ABC, which is partly filled with liquid anhydrous ammonia. 
DEF and FLJ ave chambers having deflecting plates arranged 
in them so that when the ammonia vapor passes through them 
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it will come in contact with the sides of the chambers and be 
brought up to the temperature of the water in the vessel GYI/K, 
The apparatus is allowed to stand for some time before making 
the experiments and the rate of radiation determined. On start- 
ing the experiment the cock Ff’ is opened, which allows the 
ammonia vapor to pass into the vessels EF and FL/, and 
thence to a small orifice at m that produces a throttling action. 
The pressure of the vapor before passing through the orifice i 
is shown by a manometer attached at z. All the ammonia which 
is placed into the apparatus is 
allowed to evaporate during the 
experiment. 

We will now consider the ex- 
periments made on sulphur di- 
oxide 

The first experiment on the 
latent heat of sulphur dioxide, 
the results of which have been 


Y 


already given, were made by 
Favre and Silbermann in 1853. 


i mercury calorimeter was used, 


which may be regarded as a very 


large thermometer, into the bulb 
of which an open-ended tube is | 


piaced, so as to allow the sub- 
stance on which the test is made 


to be enclosed partly by tha mer-_ 
eury in the bulb, and thus cool 
it when it evaporates at the pres- 


| 


Fie. 104, sure of the atmosphere. The 
rate of evaporation of the fluid was observed, together with 
the rate at which the mercury receded in the thermometer 
tube. 
The result obtained was 170.21 British heat units per pound, 
which agrees with the results obtained later by Chappuis and 
Mathias; the corresponding figure, calculated by means of an_ 
equation, found to agree with these experiments, being 172.25. 
The value found by Favre in 1874 is lower than it should be 
according to the experiments of Chappuis, and those made 
later by Mathias. Only two experiments were made in obtain- 
ing this result. As the accuracy of the experiments depended — 
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on a constant rate of ebullition, it may be slightly im error on ac- 
count of some variation in the same, which, as is often remarked 
by Regnault, is extremely variable for fluids of high volatility. 


The result found by Chappuis, by means of an ice calorimeter, 


comes in line with the results of the later experiments made by 
Mathias. 

We find in the experiments of Mathias an excellent and most 
useful example of physical research. In = 
the article already cited he has reviewed 
the calorimeters used and methods em- 
ployed in obtaining the latent heat of car- 
bonie acid and sulphur dioxide, and after 
stating the reasons for adopting a special 
form of apparatus, he has indicated in de- 
tail all the steps gone through in making 
the experiments, and finally compared his 
results with those given by theory. 

In the apparatus used by Mathias the 
liquid is evaporated at nearly a constant —" 
temperature. This is done by adding sul- tig 
phurie acid to the water which surrounds the vessel in which 
the liquid is evaporated. A sketch of the evaporating vessel 
is shown in Fig. 105. The weight of sulphuric acid which is 
added is determined, so that by knowing its heat of solution 
the heat imparted to the evaporating vessel may be readily 
calculated. All the liquid is not evaporated from the vessel. 
The rate of evaporation is-carried on slowly enough to preserve 
the temperature of the liquid inside of the vessel, at about 
the same temperature as that of the water which surrounds it; 
to prove which, a pressure gauge is connected to the appara- 
tus, which remains at nearly a constant reading throughout the 
experiment. 

The objections raised to Regnault’s form of apparatus by 
Mathias are, that the liquid is not evaporated at a constant tem- 
perature, and that there are corrections to be applied to the 
work, which render it complicated. 

The error of the work due to the variation of temperature ai 
the beginning and end of the experiment is, however, a refine- 
ment that is sosmall that it will not be appreciated if the proper 
renge is employed. Again, the claim that there are complicated 
corrections to apply is not intended to depreciate in any way the 
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correctness of Regnault’s work, which has often been shown to be 
worthy of general confidence. 

The writer had occasion to review Regnault’s work, with a 
view of checking experiments already made, and of extending 
the investigation. The apparatus presented in Fig. 106 has been 
designed and used to determine the latent heat of evaporation 
of ammonia. The piece /, which is a poor conductor of heat, 


and which was suggested by a similar arrangement in the ap. 
paratus used by Mathias, has been added since making the pre- 
liminary experiments. 

The anhydrous ammonia is contained in the vessel 4. This 


4 


is connected at (' to the coil abe’. The vessel J/NOP, which 
surrounds the vesse] A and the coil, is high enough to allow 
them to be completely covered with water. 

A vertical pipe de is connected to the upper end of the coil, 
and to it is attached the cock D. 

Fis a short tube which is a poor conductor of heat. From L 
a tube leads to the vessel JJALZ, in which the ammonia gas 1s 
absorbed when it issues from the apparatus. At the end of tliis 
tube is the capillary orifice 7/. ( is a gauge, and /’a cock, tlie 
use of which will be explained later. 

In preparing to make an experiment we proceed as follows: 
The vessel A is nearly filled with liquid ammonia; it is then 
connected at C. The cocks D and F are closed and B open, 
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which allows the full pressure of the gas to act throughout the 
length of the coil. The cock / is then opened, and the gas 
allowed to eseape for a short time through //, in order to expel 
the air that is contained in the coil. 

The cock Dis then closed, and the ammonia gas expelled 
from the tube fg, by allowing a small amount of air at a slight 
pressure to pass through the cock #. The cock /’ is then closed, 
and the vessel 1/AZ, containing an absorbent for the am- 
monia, placed so that the tube /y, at the end of which is the 
small orifice 47, dips into it. 

The vessel ./VOP is now filled with a known weight of 
water. There is an agitator in this vessel so that the water may 
be thoroughly mixed before observing the temperature. After 
allowing the apparatus to stand for some time in order that all 
the parts may assume the same temperature, we are ready to 


commence the experiment. 

We observe the temperature of the water in the vessel 
MNOP, and after five minutes have elapsed again note the 
temperature. The readings of temperature are taken to 0.01 
of a degree Fahr. 

This is done for two and sometimes three successive five- 
minute intervals, and the proper correction for radiation thus 
obtained. 

The cock D is now opened to its full extent, so that the pres- 
sure due to the temperature of the liquid in A acts on one side 
of the orifice //, and on the gauge G. When the desired range 
f temperature has been obtained in the water contained in the 

vessel IZVOP, we close the cock D, and observe the final read- 
of the temperature. 

The cock F' is now opened, and the small amount of ammonia 

gas contained in the tube /y is forced into the solution contained 
‘in the vessel 
The radiation of the vessel 1/NOP is determined at the close 
_ of the experiment in the same way that it was at the beginning. 
~The gain of weight of the vessel /JA'L gives the amount of am- 
tmonia expelled from the apparatus, from which, knowing the 
densities of the vapor and liquid ammonia, we can readily caleu- 
late the weight that is evaporated. 

In caleulating the results, it is necessary to know the total 
atnount of liquid and vapor contained in the apparatus, in order 
a to apply small corrections for the amount of heat imparted to 
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the liquid and vapor which remain in the apparatus. This is 
determined by weighing the flask 1, before connecting it at (. 

The principal reason leading the writer to make so many 
modifications in the apparatus devised by Regnault, is the desire 
to remove complications which arise in the use of his appara- 
tus. For example, on starting the experiment and opening 
the cock R, Fig. 104, the ammonia gas first expands and fills 
the chambers PEF and /'LJ with gas at a pressure shown 
by the manometer attached at z This manometer did not 
register the pressure due to the temperature of the gas, but 
its readings were so irregular that they were not included 
in the data. It is questionable whether, with such variations of 
pressure, the temperature of the gas entering DE/' and F'L,/ 
did not fall below that of the water that surrounded it, and the 
gas become slightly superheated in passing through the two 
chambers. 

Regnault appears to appreciate this fact, for he states that it 
is best not to try and separate the latent heat, as given by the 
apparatus shown in Fig. 104, and the heat absorbed by expan- 
sion as given by the expansion calorimeter. He states, however, 
that he considers the variation of the results which he obtained 
to be caused by the irregularity of the ebullition of the ammonia, 
which seems to be one of the characteristics of a very volatile 
fluid. Another correction has to be applied to Regnault’s results — 
on account of the fact that all the ammonia is allowed to escape 
from the apparatus at the end of the experiment. The method 
employed by the writer to correct for the superheating effect is” 
given in the appendix. 

The writer will give the society at some future time the results 
of his experiments on ammonia, the object of the present paper. 
being to precede the one containing the results and data ob- | 
served, in order to show the necessity of performing the experi- 
ments that will be gone through with. 


It is interesting, in connection with this subject, to observe to 
what degree of closeness various theoretical formule approach 
the values given by experiment. The formule for ammonia are 


given in Table IL; for sulphur dioxide, in Table ITT. 
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TABLE 1. ‘ 


RESULTS DEDUCED FROM THE EXPERIMENTS OF KEGNAULT, OR THE LATENT 
HEAT OF AMMONIA. 


: E Average Temp. of Probable | £ Average Temp. of Probable 
E — Ebuilition in Deg. Latent Heat of 5 Ebuliition in Deg. Latent Heat of 
Cent Evaporation in Cent. Evaporation in 
Calories per Calories per 
Kilogramme. > _ 9+6 Kilogramme. 
1 10.909 7 11 040 292.5 
2 15 529 285.2 8 10.150 292.40 
8 16.000 290.5 9 9.520 295.0 
12.940 283.8 10 10.990 293.3 
5 11.900 285.8 11 12 600 291.6 
6 10.725 288.1 12 7.800 291.8 
rABLE It. - 


COMPARISON OF THE RESULTS DERIVED BY MEANS OF THEORETICAL FORMULZ 
FOR THE LATENT HEAT OF AMMONIA, WITH THE RESULT 
FOUND BY REGNAULT, 


| 
' Latent Heat. 


Temperature 
substituted in | Probable Value 
Formule. deduced from | 
| which | _ Regnault's | Calculated. 
Avrnor-  Formu- Formule for Latent Experiments. | 
Ivy. la Me as Heat of Evaporation. | as 
pu ) — 
q lished, British |. . British 
} Calories Heat Calories Heat 
Cent. Fahr. | wito- Units Units 


re per 
gramme pound, pound. 


doux *... 3090.7 82827 + .00139872 11.67 53.01 280.8 521.6 300.2 540.4 

-eubody + 5000.87 200.66 523.19 

1889 555.5 —0,613¢—,00021972 “ “ “ | “ | 200.22 522/39 


The formule given above by Ledoux and by Peabody are in Centigrade units, 
and that by Prof. Wood is in British units, The constants in the formule given 
by Ledoux have been slightly altered by Prof. A. Riesenberger and the writer, 
as numerical mistakes were found in his work (see Stevens Indicator, Oct., 1890). 
In the above formule ¢ is the temperature indicated by a thermometer scale, 7 
and is not the absolute temperature. 


Annales des Mines. July, 1878. 
+ The rmodynamics of the Steam Engine. By Prof. C. H. Peabody, p. 458. 


} Transactions of the American Socte ty of Mechanical Engineers, Vol. X., 

, p. 641. 
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~ 


COMPARISON OF THE RESULTS DERIVED BY THEORETICAL FORMUL® FOR TIE 
4 LATENT HEAT OF SULPITUR DIOXIDE, WITH THE RESULTS 
FOUND BY EXPERIMENT. 


Calculated Latent Heat. 


Temperature Latent Heat) 

substituted by | Ledoux, Cailletet and Poet - | Mathias, athis 

in Formulke. Experiment.| 1878, * | Mathias, 1887,+ 180, § 
91.54— 23397) 7, dp 50.277, (91.87 0.3840 g) 


Kilo. 


per Pound. 


B. H. U. 
per Pound. 
Kilo. 


B. H. U. 
| per Pound, 


Calories per 
Kilo 
Calories per | 
Calories per 


per Pound 
Calories per 


94.56.170,21) 93.92 169.06 93. 1€8 66 
91.70 165.08, 91.54 164.77! 91, 164.16 
89.38 169.8%) 90.21 162.38) 160.56 
88.12 158.62) 80.35 160.83 150.84 
87.32157.18) 89.11 160.40) 159.30 
87.30 157.14) $8.71 159.68) 158.04 94.70 170.46 87 
19.95, 67. #4 48 152.06) 86.97 156.65) ui 152.46 


95.71 172.28) 95.74 

7165.37 
4161.30 80.67 

2158.70 
158.04 87.84 
16.82 87.17 

2.62 166.70) 84.07 151.33 84.21 151.58 


The experimental figure at — 10.08° is 
mann, and that at 0° by Chappuis. 
The remainder are those determined by Mathias, 


that determined by Favre and Silber- 


The temperatures indicated by ¢ are those indicated by a Centigrade thermo- 
metric scale, and are not absolute temperatures. 


* Annales des Mines. July, 1878. 
+ Journal de Physique. 1887, pp. 423 and 424, 
T=t + 273. 


FE = the mechanical equivalent of heat = 425. = 


In this formula, 


u = the specific volume of vapor at ¢ degrees, 
wu = specific volume of liquid at ¢ degrees. 
p = pressure at temperature 
The results given above, as determined by this formule, are found by inter- 
polating in a table the numerical values given by Cailletet and Mathias, 
t Thermodynamics of the Steam Engine. By Prof, C. H. Peabody. 
§ Annaies de Chimie et de Physique. 6th Series, Vol. XXI., p. 117. 
| Annales de Chimie et de Physique. 6th Series, Vol. XXL, p. 118. 
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APPENDIX. 


Meruop or CALCULATING THE LATENT Heat oF EVAPORATION OF 
AMMONIA FROM THE EXPERIMENTS MApE By REGNAULT. 


ReEGNAULT gives for the value of the latent heat,* 


M40 — + 

in which 


- heat imparted to evaporate the weight P of liquid 
contained in the vessel 12BC before opening the cock 
- R (Fig. 104), or the latent heat of evaporation multi- 
plied by 
M = the weight of water in first calorimeter plus the calorific 
equivalent of the metal of which the calorimeter is 
composed ; 
= 4#— # = difference of temperature of the water in the 
first calorimeter at the beginning and end of the 
experiment ; 
heat absorbed by the weight of gas P —P , contained 
in the vessel ABC’ before the cock /? is opened, on 
expanding it to the pressure of the atmosphere ; and 
‘= specific heat of the ammonia liquid. 


i’? —. is the heat that the weight /” of liquid gives upon 
being cooled from the initial temperature / to the average tem- 
76446 
perature - 


‘To find g, Regnault assumes that the effect of the expansion 
of the weight of gas ? — /” will be the same in the actual 
ex;criment as if it were contained in a separate vesse! and 

allowed to escape at a varying pressure until the pressure in the 
ok -sel becomes that of the atmosphere; the temperature of the 


essel being maintained constant and the proper amount of heat 


4 Annales de Chimie et de Physique, Series IV., Vol. XXIV p. 420. 
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added to the gas after it passes through the throttling orifice to 
bring it to the temperature of the gas in the vessel. 
In which case the amount of heat absorbed in order to pre. 
serve the temperature / would be * 
10333 P—f 


1.2932 x .5894 e (1 + af), 


a being the coefficient of dilatation of the gas. 

Regnault states, after giving equation (1), that as the specific 
heat (is not known, he did not caleulate the values of the 
latent heats of evaporation, but he afterward employs the value 
in his calculations. 

There is an element, however, for which Regnault does not 
entirely allow in equation (1), and that is the cooling effect pro- 
duced by the total quantity of gas which remains in the vessel 
ABC after the liquid is evaporated. 

This gas expands from the pressure at which the liquid is 
boiled down to the pressure of the atmosphere, and thus absorbs 
an additional quantity of heat that should be subtracted from 
the total quantity in order to obtain @. A portion of this heat 
is allowed for in the quantity 9, for we may consider the 
weight of gas /? — /”' to be held intact in the calorimeter until 
the time that all the liquid is evaporated, and then allow it to 


* The value of e is determined by the use of an apparatus equivalent to the one 
shown in Fig. 107. The gas is compressed in the cylinder A, and, after being 
brought toa known temperature, is allowed to escape 
through a small orifice at m, and thence into the coil | 
BCD, where it is at the pressure of the atmosphere 
and has a slow velocity. The value of ¢ is deter- 
mined by the use of the equation given on page 132 
—J of Annales de Chimie et di Physique, Series 1V., 
Vol. XXIV., which is 


¢= x Q \t* 


in which 
IT = initial weight of gasin A, 
Q = heat imparted to the calorimeter after the 
proper connections have been made for 
the superheating of the gas that remains” 
Fia. 107. sin the calorimeter, ete. 
coefficient of dilatation of the gas. 
weight in grammes of one litre of air at 0° C. aud at atmospheric pressure 
= density of the ammonia vapor. oe 


q 
| 
6 
wey, 
‘ 1.29 
0.58 
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expand along with the other portion of gas that fills the vessel 
ABC, 

The portion of the gas which is in the vessels DE /’ and FLJ 
at the time that all the liquid is evaporated from A/T also pro- 
duces a cooling effect, but this is very nearly balanced by the 
heat which is produced by compressing the gas in them at the 
beginning of the experiment, and may be, therefore, omitted. 

In order to determine the latent heat of evaporation from the 
results obtained from the first calorimeter, we will make use of 
equation (1), but will substitute for 7 another quantity, which 
we will call g, The formula employed in the present article 

for calculating the latent heat is, therefore, 


~ 


(3) 


in which g, = the heat necessary to impart to the weight W 
of the gas that is in the vessel A 2C (Fig. 104) at the time that 
the liquid has just become completely evaporated, in order to 
preserve it at a constant temperature during its expansion down 
‘to the pressure of the atmosphere. The other quantities are 
the same as those in equation (1). The weight of gas IV which is 
in the vessel ABC at the instant that all the liquid is evaporated 
. . . . 
is substituted in place of /?— /” in equation (2), in order to 
determine This gives. 


10333 


1.2932 5894 (l+a’0).. (4) 


To find the weight of gas Il’, we assume it to be at the final 
temperature 4 of the calorimeter, and make use of the formula 
given on page 418 of the work already mentioned, which is, 


W = 0.18774 i 

1 760 

in which a@’ = coefficient of dilatation of the ammonia gas ; 
in which /7 = pressure in m.m. of mereury. 

In our caleulations for determining q,, 1 is taken equal to Fy, 
and ¢ equal to @. There are discrepancies in the numerical 
values given for 7? — 2’ in Regnault’s work. We have recalcu- 
lated P — 7’ and all the quantities which depend on its value. 
Rocnault takes the specific gravity of ammonia at .76; we have 


4 
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used the figure determined by D’Andreeff instead of this figure, 
which, for the average temperature of the experiment, is .62.* 
To determine P — /”’ we make use of the following formula: 
P—P=(1- 
2 x 246.3 / 1 + at 760 
in which the notation is the same as in equation (/). 
In equation (6) .62 x 246.3 is equal to the weight of liquid 
ammonia that will completely fill the vessel ABC. As the gas 
P — P' isat the initial temperature of the calorimeter, // is taken 
equal to /, and¢ to # Regnault has assumed the specific heat 
of the liquid ( to equal .8. We have employed this value in 
Tables IV. and V., together with the theoretical density of the 
gas. In Table VI. the specific heat of unity, with the value 
given by theoretical investigations, is employed, together with 
the density of the gas determined by experiment. It is shown 
that the effect of altering the value of these quantities is a small 
one. The values of J/4@ are taken directly from Regnault’s 
work. 
The results of the calculations are given in Table IV. 


(6 


TABLE IV. 


REGNAULT’S EXPERIMENTS ON THE LATENT HEAT OF AMMONIA—RESULTS 
OBTAINED FROM THE FIRST CALORIMETER. 


| 
| 


P-P 


Number of 
experiment. 
Grammes. 
Grammes. 
Fy 
m.m 


2 
Degree C. 


Degree C. 
Degree C. 


4966.4 


1 |12.31) of 9.6 =92.4 
2 16.57 14.6 5.53 1.17 17.68 1.256 5687.6) 536 | 

3 16.85 15 1.19) 17.31'1,.28 5780.2 7.8 20.8 
4 14.53 11.3: 941 .98 33.32 1.13 5340. | 477 9 29.4 

5 14.07) 9.7 90 45,231.08 5255. | 4525) 4590. 3 | 47.8 8, 
G 16,36 5, 73 29 119.21) .90 5666. | 3718; 4692. 30.2 391.4. 
|15.07) 7. 04' .58 83.12 .98 5424. | 4060) 4742. 42.9 | 268.2 4) 293.3 

8 16.36 3.5 15) 16 134.13, .86.5666, 3518] 4592. 37.3 | 202.1 
9 15.10, 3.5 52 30 117.00, 5440. 3544 «4492 87.2 | 522. 9 

10 (14.81) 7. 99 .62 76.18 .99 5388. | 4098) 4743. 43.4 2.0 A ti 

Mt 7. 2.60 97.05, .99 5850. | 4138) 4994. 443.5 367.6 

12 |10.23) .73 51.67 .93.4610. | 3850 4239. 40.0 1004 1 


The quantity A’ would be equal to the latent heat of evaporation, provided 
there was no superheating of the partly expanded gas in the first calorimet: 

The average value obtained for A’ is 293.0 calories per kilogramme. This is |e~s 
than the average value of A" in Table V., which includes the heat required ‘o_ 
reheat the gas after it is expanded to the pressure of the atmosphere. In sen 
of the experiments, however, J’ is as great as A", thus showing that superheatin. 
existed in the first calorimeter, so that the results obtained by it are unreliable. 


weF * Annales de Chimie et de Physique, 8d Series, Vol. LVIL., p. 827. 
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Regnault, however, remarks that it is best not to separate 
the results given by the first calorimeter and the calorimeter 
of expansion, and proceeds to calculate the total heat of evapo- 
ration by employing the results given by both the calorim- 
eters. This is by far the best method, for the reason that, in 
order to regulate the ebullition during the experiments, the cock 
R, Vig. 104, was not entirely opened, and, as has been already 
remarked, there may have been a superheating effect in the ves- 
sels DEV" and “LJ. That this superheating effect existed is 
shown by examining the quantities designated by A and \” in, 
Tables IV. and V. If there was no superheating effect in the 
first calorimeter, 1°: would be equal to the latent heat, which 
would be a certain amount less than the quantity 1°, which 
includes the heat added to the expanded gas. 1’ is, however, in 
some cases, as great as A", thus showing that superheating existed 
in the first calorimeter. For this reason, the results obtained 
by employing both calorimeters are made use of in this article. 
The writer does not, however, consider that all the steps gone 
through by Regnault in deducing the values of a quantity 
designated by Z, and which is stated to nearly equal the total 
heat of evaporation, are as straightforward as they might be, 
and for this reason has employed methods differing from Re- 
gnault in obtaining some of the quantities involved. The follow- 
ing formula has been used in the present article in order to 
determine the latent heat of evaporation ; =) 4 iv. 


in which the notation is similar and many of the quantities the 
same as those given by Regnault. 

The additional quantities to those already defined are : 

J Jr = heat imparted to the gas by the calorimeter of expan- 

sion 

S’ = heat required to raise the temperature of the gas that 
5 passes into the second c:lorimeter from the average 
+ ©, to the 


j temperature of the first calorimeter, —; 


average temperature of the second calorimeter, 


q = heat absorbed by the weight P — W of the gas after 
21 
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: o. it has been cooled by expanding through the throt- 
es. tling orifice, in order to raise the temperature of the 
hit.” expanded gas to that of the first calorimeter, or 


, » a quantity already described 
2 
Equation (5) is derived as follows : ie 

The total heat imparted to the gas by the two calorimeters is 
Mi6 + M'4r; this, together with the small amount of heat S ' 
given up by the cooling of the liquid ammonia in the first calo- 
rimeter, is the total heating effect. 

The heat M1¢ + M'4dr + S” is absorbed by the gas in the 
following portions : 

Ist. The heat ( required to supply the latent heat of evap- 
oration of ? — P of ammonia liquid which is contained at the 
beginning of the experiment in the first calorimeter. 

2d. The heat 7’ which is required to heat the weight /? — II’ 
of gas to the mean temperature of the first calorimeter after it 
is cooled by passing through the throttling orifice. 

3d. The heat 7, which it is necessary to impart to the weight 
W of gas that remains in the vessel 4/C' in the first calorimeter 
(see Fig. 104), after the liquid has evaporated and the pressure 
in the vessel begins to fall. This heat preserves the gas at a 
constant temperature in the vessel, and reheats it, after it is 
cooled by passing through the throttling orifice, to the mean 
temperature of the first calorimeter 

4th. The heat S’ which is required to raise the temperature 
of the weight of gas P — W’, which passes into the second calo- 
rimeter, from the mean temperature of the first calorimeter to 
that of the second calorimeter, is 

This gives the equation: 

M40+ M'4r+S" = + + + 
from which we may readily determine the value of the latent 
heat p: #8 given in equation (5). 

The equations for determining S” and q’ have already been 
given; those for S’ and ¢ are as follows : 


4 
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in which the quantities which have not been already defined are : 
IW = weight of gas that remains in the first calorimeter 


at the end of the experiment. 


e = specific heat of the ammonia gas at a constant press- 
ure 
y, = number of degrees that the ammonia gas will be 


cooled on expanding through an orifice per 1,000 


m.m. difference of pressure at its two sides. 
f and // = pressures at the two sides of the orifice in m.m. of 


mercury. 

As W' is asmall factor of the total weight 7’, and the entire 
quantity S’ is a small one, we will neglect I” and employ in our 
calculations the values of S’ given by the formula: 


Unfortunately, Regnault did not determine y,; for ammonia ; 
we will therefore determine its theoretical value. To do this we 
make use of the differences in the total heats of the ammonia at 
different temperatures as given by Ledoux’s equation, and sub- 
stitute in the following : 


tam 
100 4 


in which y, = fall in temperature per 1000 m.m. difference in 
pressure. 
A, = total heat of the saturated vapor at the pressure 


f and the temperature ¢,. 
A, = total heat of the saturated vapor at the pressure 2 
Hand the temperature ¢,. 
7 e = specific heat of the gas at a constant pressure. 
_ y, ealeulated in this way, is about 2)°. This figure has been 
employed in caleulating the approximate values of qg' given in 


Tables V. and VI. 

‘The quantity A” in Table V. is the heat required to evaporate 
an rehegt the gas after it has expanded to the pressure of the 
atwosphere ; or, 7 


d 
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The results of the caleulations for the two calorimeters ; 
given in Table V. 


TABLE 


REGNAULT’S EXPERIMENTS ON THE LATENT HEAT OF AMMONIA—RESULT! 
OBTAINED BY THE TWO CALORIMETERS. 


ment. 


5143.2 
5128. ¢ 
13139: 
34706 
39708 .6 

23563: 
Us 24.3 
152764 


4 


caus 


138.7 100.¢ 


Average calories per kilogramme 


In the above table, A” is the number of calories required to evaporate one kilo- 
gramme of ammonia at the mean temperature of ebullition and the correspond- 
ing pressure, and to reheat the gas to this mean temperature after it las been 
cooled by passing it through a small orifice that reduces its pressure to that of the 
atmosphere. A’ is not exactly the same asa similar quantity given in Reguault’s 
experiments. In the above table, A would be the quantity of heat that would be 
required if the gas in the vessel 4 BC (Fig. 104), after all the liquid is evaporated, 
were not allowed to expand down to the atmospheric pressure, and thus produce 
an additional cooling effect, whereas Regnault’s quantity, designated by A in the 
table giving the results obtained by the two calorimeters, includes this quantity. 
A’ is the probable latent heat of evaporation, 


The value of the. specific heat of the liquid, as has been 
already stated, was assumed by Regnault to be .8, and _ the 
theoretical value of the density of the gas was employed in |is 
valculations. These figures have been employed in Tables LV. 
and V., in order to make the results conform more closely to 
those given by Regnault. In Table VI., however, the specitic 
heat of the liquid is taken at unity, which is the valea shown by 
theoretical investigations, and the value of the density of the yas 
used is that determined by experiment. 

The figures given in Table VI. for the latent heat of ev: ip 
oration differ less than one- -tenth of one per cent. from those in 


q 
| 
| 
| j 
3 | 4 5 | 6 ? | | 9 | 10 
1 | 90 [5.82 79.2 34.6 154 291.7 | 8812.3 | 26.7 
2 17. 20.7 11.9 200.9 5036.6 284.9 
3 51 7.85 | 17.4 11.7 206.3 5022.7 
4.52 27.5 42.3 258.9 9443.5 283.4 
5 131 12.90 23.4 78.7 290.5 | 12903.0 285.3 
6 B45 291.9 34204.0 256.9 
7 245 296.7 24245.6 291.7 
8 304 206.0 30053.7 291.2 
9 347 298.6 34889.5 293.9 
10 234 297.6 | 23163.8 2025 
11 286 206.0 28204 200.6 
12 | 158 295.6 1049.4 201.2 
208.2 |.......... 280.0 
4 
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TABLE 


RESULTS OBTAINED FROM THE TWO CALORIMETERS IF THE SPECIFIC HEAT OF 
THE LIQUID AMMONIA IS ASSUMED TO BE UNITY INSTEAD OF .8, AND THE 
DENSITY OF THE GAS .596 INSTEAD OF .5894. 


No. of 
experiment, 


w 


R820. 
5038 
5024.§ 
9453.6 
12922. % 
34338. 
24312.§ 
39219 .¢ 
34519.! 
93293 
6 28206. 


0 15073 


to 


ca tte 


=n 


S ce 


~ 


51.6 


Average value of probable latent heat of evaporation 


auf 


1 0.§ 
2 | 1.1 
| 38.1 
4 | ¥ 
5 
6 0.: 
| @.2 
8 0.1 
9 
10 
12 0.4 
ep seats 
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AMMONIA-COMPRESSION REFRIGERATING MACHINE. 
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PERFORMANCE OF SEVENTY-FIVE TON REFRIG- 
ERA TI) NG “MACHINE OF THE AMMONIA 
COMPRESSION TYPE. 


CCCCXXXIL* 


BY J. E. DENTON, HOBOKEN, N. J. 
(Member of the Society.) 
INTRODUCTION. 
‘Tae following investigation was made with a refrigerating 
machine of 75+ tons maximum rated capacity, located at thie 
Knickerbocker Brewery, in Seventeenth Street, New York City, 
and constructed by the Consolidated Ice-machine Company, 
of Chicago, Ill. The work was undertaken in the interest of 
the Quincy Cold Storage Company, of Boston. Messrs. J. C. 
Melvin and G. H. Stoddard, officers of this company, having in 
charge the construction of an extensive refrigerating system for 
the market districts of Boston, found, after an extensive study 
of the subject of mechanical refrigeration under the ammonia- 
compression system, in both this country and Europe, that no 
experimental data were apparently available regarding the per- 
formance of such machines when worked to produce tempera- 
tures in brine or other material in the neighborhood of zero 
Fahr., the temperature which they desired to have available 
in their plant. They accordingly arranged with makers of 
ammonia-compression machines, desiring to bid for their work, 
to submit their systems to a rigorous test of performance, and 
the writer was consulted regarding the making of such tests. 
After due discussion of the matter, it was concluded that there 
was so little probability of any sensible difference of perform- 
ance between the several first-class makes of compression 
machines, that a careful test of one make would answer all pur- 
poses in view. Accordingly, the machine at the Knickerbocker 


* Presented at the Richmond meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XII. of the 7’ransactions. 

+ While the machine performed 75 tons of work during the tests, it is proper 
to state that it is rated, and was sold by the makers, as a 50-ton machine. 
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Brewery was selected, first because it seemed to combine maxi- 
mum simplicity with first-class construction and finish ; second, 
because it was near the writer’s place of business, and therefore 
better available for attention ; and third, because it was the only 
machine in the near neighborhood of New York whose makers 
were among those consenting to submit to a test at the hands 
of an expert not in their own employ. As the writer wished to 
make the occasion one for obtaining certain data, desirable as 
furnishing certain constants, needed to confirm the thermo- 
dynamic formule applying to the theory of these machines, but 
which was not essential for the purposes of the Boston Company, 
the latter’s arrangement with him was that through them would 
be provided the means, for whatever facilities and expenses 
should be connected with the carrying out of as complete a 
programme as he might regard desirable, and that the results 
should be available for publication as a purely scientific investi- 
gation, on the understanding that there should be no charge 


for personal services. This arrangement was cordially carried 
out. The Ice-machine Company was directed to prepare the 
machine for test as thoroughly as they chose. Early in the 
present year they cleaned the surface of the condenser pipe, 
adjusted the piston packings, ground the compressor valves to 
new bearings and added 100 Ibs. of ammonia to the charge in 
the machine. The latter had been iy service for the purposes 
of the brewery about two years without repairs. The charge of 
ammonia is usually 400 Ibs. ; it had wasted about 100 lbs. during 
a year’s daily service. Indicator connections were attached, and 
mercury wells let into the pipes, and water and brine meters 
connected, about the Ist of March. As, at this season of the 
year, but a small fraction of the capacity of the machine could 
be absorbed by the product of the brewery, the brine circulated 
was sent through a No. 4 Nason feed-water heater, so that it 
could be heated by a current of steam or hot water circulated 
through the spiral coil of pipe with which it is provided. By 
this means any desired amount of work could be assigned to the 
machine. About ten days of practice was required to enable this 
artificial souree of heat to the brine to be controlled with suf- 
ficient skill to provide conditions of satisfactory steadiness. On 
March 13th a twenty-four hours’ test was made, in which it was 
atteipted to secure the utmost capacity consistent with a tem- 
peraiure of brine about equal to the melting point of ice. This 
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was attained with 28 lbs. back pressure. The results are those 
of Trial No. 1, Table I. The degree of success in maintaining 
steady conditions is shown by the graphical record of observa- 
tion, Fig. 112. 

It was found that when the machine was doing all of the work 
consistent with the fixed back pressure of 28 Ibs., the tempera- 
ture of the gas about 10 feet beyond the point where it left the 
brine tank was about 34° Fahr. or about the temperature of the 
inlet brine. There was then no escape of gas at the stuffing box 
of the compressor detectable by smell. But as soon as it was 
attempted to raise the back pressure above this point, a portion 
of the ammonia would leave the brine tank in liquid form, and 
instantly the temperature would fall from 34° to 14°, the boiling 
point corresponding to the back pressure. When this occurred a 
strong smell of ammonia emanated from the stuffing boxes of the 
compressor. This method of finding the maximum work cor- 
responding to a given back pressure was carried out througlh- 
out all the tests; and for each back pressure the work given, in 
tons of capacity, and the brine temperature, are respectively the 
greatest and least to be had with the given suction pressure. An 
examination of the line on the graphical charts Figs. 112 to 119, 
showing the temperatures at the point 10 feet beyond the brine 
tank in the return ammonia pipe, will show that the temperatures 
were kept at just about the point where liquid ammonia would 
occasionally come over, thereby giving warning that the suction 
pressure must be slightly reduced. During Test No. 1, an expert 
mechanic representing the machine company was present and 
virtually in charge of the machine. During all subsequent tests 
no representative from the company was present, the machine 
being run entirely under the direction of the writer, through Mr. 
Kellogg the regular engineer of the brewery. The second test 
made affords data regarding the capacity and economy of the 
machine at about zero pounds suction pressure above the atmos 
phere. It is less reliable than subsequent tests, as it was ouly 
intended as an introduction to the latter. The figures of per- 
formance are, however, quite sufficiently reliable for general 
practical purposes. Trial No. 8 was preliminary to trial No. 4, 
which is the typical test for maximum capacity and economy for 
zero temperature of brine. Trial No. 5 is preliminary to No. 6, 
which is typical of the influence, upon economy, of an excessive 
supply of condensing water. Comparison of Trials 5 and 6 also 
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shows that whether the amount of brine circulated was 50 eubie 
: feet per minute or 15 cubic feet per minute did not affect the 


capacity or economy sensibly, as should be the case when the 
amount of cooling surface in the brine tank is as liberal as was 
here the case. Trial No. 7 was made to afford thermodynamic 
data for a suction pressure intermediate between that of Trial 
No 1 and Trial No. 4. Trial No. 8 was made to duplicate the 
conditions of Trial No. 1 so that the data obtained might be 
favored with such experience as had been acquired in the pre- 


-yious tests, and so that the apparatus and measurements might be 
subjected to a test of their ability to duplicate results obtained 
under identical conditions six weeks previously. The writer is 
greatly indebted to Messrs. Renssellaer and Schalk, managers 
of the Knickerbocker Brewery, for their cordial codperation 
and interest in the investigation, and the facilities placed at his 
disposal for specifie heat determination, and for the use of lodg 
ings for assistants required to be on duty during night hours ; 
also to Mr. Edward Murphy of the Consolidated Lee Machine 
~ Company, for skilful assistance in the arrangement of apparatus, 
and in carrying out the apparently original and somewhat danger- 
ous experiment of metering liquid ammonia at high pressure. 


DESCRIPTION OF PLANT AND APPARATUS. 


The cylindrical receiver A, Fig. 108, contains about 300 lbs 
of liquid anhydrous ammonia under a pressure of, say, 150 Ibs., 
and at about 70° Fahr. This liquid flows from the receiver by 
the pipe 2, Fig. 110, to the valve (, Fig. 108, through which it 
passes into a system of piping distributed throughout a mass of 
brine lodged in the brine tank D, Fig. 108. At one end of this 
pipe system are the pipes FEE, running out of the small 
receiver or expansion vessel, #. At the other end of the system 
are the pipes GG@G, which terminate in the pipes //, which 
are the suction pipes of the compression pumps //, Figs. 108 
and 109, 
By the suction of these pumps a pressure of, say, 7 lbs. is 
maintained throughout the pipe system, FZ, etc., so that the li- 
- quid ammonia is relieved of the high pressure in passing through 
the valve C. This relief of pressure causes about ten per cent. 
of the ammonia to volatilize, and thereby cool the entire mass 
_ to about — 11° Fahrenheit, which corresponds to the temper- 
ature of ebullition of the substance at about 7 lbs. pressure 
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above the atmosphere. The mass of brine being at, say, zero 
Fahr., imparts heat to the cooled ammonia sufficient to volatilize 
the 90% remaining liquid after passing the valve (, and also 
possibly to superheat the saturated vapor to some temperature 
approximating to that of the hottest portions of the mass of 


Front of Machine—Condenser End. 
brine. Hence the compressing pumps receive the ammonia as a 
gas at 7 lbs. pressure, and after compressing it to 150 lbs., deliver 
it ly the pipes JJ, Figs. 108 and 110, into the receiver K, where 
it is freed of the oil used in the pumps, and thence by the pipe, 


_L, lig. 110, into a system of piping distributed throughout the 
 tauk Jf, The latter is maintained full of water, at a tempera- 
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ture sufficiently low to cause the ammonia gas to liquefy and cool 
to about 70 by the time it has traversed the entire system 
of piping. The latter terminates in the receiver, A, Fig. 110, in 
which the liquefied ammonia is deposited ready to recommence 
the eycle of movements described. 

The useful effect of the system is the refrigeration of the 
brine. The latter is cireulated by the pump, .V, through pipes 
distributed throughout spaces to be cooled, or has immersed in 
it vessels of water to be frozen, and thereby is heated through 
the range of temperature which measures the refrigerating 
power of the ammonia. 

The work spent to accomplish this refrigeration is the 
steam-power exerted to operate the compression pumps, and to 
circulate the brine and condensing water. 


we 
— 


SPECIAL ARRANGEMENTS FOR TEST OF PERFORMANCE. 

Quantity of Brine Circulated.—This was measured by a No. 1 

Gem meter, O, Fig. 108, through which the brine passed after 

being circulated in the cellars of the brewery. As a check on 

‘this measurement the brine pump was provided with a stroke 
counter, and its average length of piston stroke noted. 

Heater for Warming Brine.—The amount of heat absorbed by 
the brine by circulation throughout the brewery cellars is not, 
in winter, sufficient to provide work of refrigeration equal to the 

full capacity of the plant. Consequently a feed-water heater, 
Fs Fig. 108, was arranged to receive the brine on its return from 
the cellars, and live steam being supplied by the pipe (, the 
brine could be heated to any desired extent within about 100 
of ice-melting capacity. 

(Juantity Condensing Water Circulated through Tank, M.—This 

Was measured with a two-inch Worthington meter, /?, Fig. 110. 

(Juantity of Liquid Ammonia Circulated.—This was measured 
by a three-quarter-inch Worthington meter, S, Fig. 110. 

(Juantity of Water Circulated through Jackets of Compression 
Pnps.—This was determined by causing the overflow from the 
jackets to run into the vessel 7, Fig. 109, and noting the head 
Over an orifice at the bottom, out of which the water was allowed 
to escape. 

Horse-power to Operate Plant.—The steam cylinder and both 

_ compressor pumps were indicated. 
The indicator motion is shown at V, Figs. 108, 109, and 110. 
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A revolution couater, W, Fig. 109, recorded the speed of the 
engine. 

Temperatures.—Mercury wells from one to four inches deep 
were inserted in the various pipes as follows: (1), Two at a, Fig. 
108, to give the temperature of the brine as it entered the brine 
tank. (2), Two at }, to give temperature of the brine as it left 
the brine tank. One thermometer was permanently located in 
one of each of the pair of wells, the second well being used 
occasionally to receive’ the standard thermometer, with which 
the permanent ones were compared. (3), One at (, Fig. 108, in 
the expansion vessel, or “interceptor,” directly opposite the 
opening in the valve (. (4), One at D, Fig. 108, in the ammonia 
gas pipe G4 half way between the brine tank and the ecompres- 
sors. (5), One at /, Fig. 107, in the ammonia gas pipe // just 
before it entered the compressors. (6), One at /, Fig. 109, in the 
ammonia gas just after it had been ejected from the compres- 
sors. (7), One at g, Fig. 110, in the ammonia gas pipe -/-/, about 
thirteen feet from / (8), One at 7, Fig. 110, in the ammonia 
gas pipe J just at the entrance to the condensing tank J/  (‘), 
One at /, Fig. 110,* on the liquid ammonia pipe at the exit from 
the condensor, or inlet, to A. (10), One at -/, Fig. 110, in the 
ammonia as it issued from the meter S. (11), One at A, Fig. 
110, in the condensing water pipe at the entrance to the condens- 
ing tank JZ (12), One at 4, Fig. 109, in the condensing water at 
its exit from the tank Jf. The water overflowed at the top of 
the opposite side of J/, and flowed to waste through the pipe 
which appears at /, the two being open at the top so that the 
thermometer could be immersed in the stream of water. (13), 
One in the vessel receiving the jacket overflow. 

To Calibrate the Brine Meter O the large hogshead J, Fig. 108, 
was used as follows: The valve Y was closed and Z opened, 
thereby causing the brine passing through the meter to escape 
at the elbow N. The latter could be swung about its vertical 
connection so as to deliver the brine into the brine tank 01 
into the hogshead. 

The flow was directed into the hogshead until, by the adjust- 
ment of the pump speed, the exact rate of flow prevailing 


* This thermometer was not let into the pipes as were the others, but was 
immersed in a pool of mercury lying on the pipe within a cavity ina block 
of wood clamped about the pipe. The temperature given is, however, correct 


i 
a 
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during a test was obtained. Then the elbow N was suddenly 
swung over so as to deliver into the hogshead, and exactly 80 or 
100 cubie feet, as indicated by the meter, allowed to empty into 
the tank when the elbow was swung off over the brine tank. 
This amount of brine was then weighed in the tank ( in por- 
tions of about 800 Ibs. 

The meter was of the Gem type, 3-inch size, and its calibration 
resulted as follows: 


| 
Equivalent of Equivalent of 
each Cubic Date er each Cubic 
Foot shown minut Foot shown 
by Meter. by Meter. 


Rate of Flow 
Date. per 
Minute. 


Cubic Feet. Lbs. Cubic Feet. Lbs. 

Mareh 11. 30 | %4.6 April 8. 15 72.4 

~Mareb 14. 30 75.8 | April 27. 16 75.6 
April 8. 30 75.6 April 27. 16 75.8 
April 27. 32 76.0 April 27. 12 72.6 

April 27. | 31 75.8 April 27. 12 72.0 
April 27. 31 76.3 April 27. 12 75.2 
April 27. 10 72.6 

Av. for 30-foot rate of flow.. 75.68 April 27. 10 75.4 
April 27. 10 72.9 


Av. for less than 30-foot rate. .73.8 


- For the tests which circulated brine at about 30 ecubie feet 
per minute, each cubic foot registered by the meter was con- 
sidered to weigh 75.68 lbs., and for the remaining tests 73.8 lbs. 

To Calibrate the Water Meter R.—A swing outlet with a valve 
was connected at p, Fig. 106. The valve g leading to the tank 
was then closed and p opened until the working rate of the | 
water was attained, the water flowing on to the engine-house 
floor. The outlet was then swung so as to empty into the tank 
o, and 10 cubic feet, as indicated by the meter, were weighed in 
the tank. 

Two meters were used; a 2-inch for trial No. 1, and a 3-inch 
for higher rates of flow. The calibration resulted as follows: 


Ist test, 22-inch 65.9 ibs, per cubic foot registered. 
~ 
od“ 2-inch meter........ * ee 


The average of each set was used in reducing results. wee 
lhe Ammonia Meter was of the Worthington type, three-quar- 
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ter-inch size. Its valves were specially made of wrought stec!, 
and a few extra bolts were inserted around the circumference of 
the top and bottom joints; otherwise the meter did not differ 
from the stock types. The tightness of the joints was nursed so 
that when submerged in water and subjected to 250 Ibs. of «/» 
pressure, no air bubbles were discernible. Aside from the re- 
newal of the packing about the arbor, actuating the clock-work, 
the meter gave no trouble during about a month of use. 

To calibrate the ammonia meter, the instrument was adjusted 
so that when metering water, under the same pressures as pre- 
vailed with the ammonia, the constant of the dial was found. 
The least rate at which the ammonia circulated was such as to 
cause the displacing plungers of the meter to knock against the 
ends of their cylinders at each stroke. It was therefore assumed 
that the meter registered cubic feet truly, and by knowing the 
density of the liquid ammonia the indications of the instrument 
were reducible to pounds. 

The calibration of the meter resulted as follows : 


Weight of water 
per cu, ft. registered. 
Li 


405 


Pressure on Meter. Rate of Flow. 
No. of Test. Lbs. per sq. in. Cu, ft. per min 


verage ...... 


58.8 
62.4 
Taking the density of liquid ammonia as 0.62, the weight of 
ammonia corresponding to a cubic foot registered by the meter 
is 35.6 lbs. 
PRINCIPAL DIMENSIONS OF PLANT. — 
ENGINE. 


Meter constant 


Diameter ammonia cylinder single acting....... 

Diameter steam ee double 


| 
| 160 | 0.8 59.60 
2 160 0.8 58.5 
“quer @ 160 0.8 58.6 
150 0.8 59.0 
150 0.8 58.3 
155 0.3 59.1 
8 160 0.3 58.2 
| 
Diameter piston rod, steam cylinder, double acting ......+.ceeeeeeeeeetg 


Pa 


BRINE TANK. 
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Lineal feet of 1-inch pipe as cooling surface ............ 8,000 


The tank was well insulated on all sides and top and bottom with cork. 


CONDENSING TANK. 


Lineal feet of 1-inch pipe as cooling surface ...............4.. ite 
VOLUME OF BRINE TANK 2,690 CUBIC FEET. s 


Volume of brine tank in piping throughout cellars of brewery... .300 cubic feet. 


BRINE PUMP. 


Duplex diameter of plungers, 8 inches average stroke............... 12) inches, 


COMPRESSOR VALVES AND CLEARANCE SPACES. a 
A cross section of the ammonia cylinder is shown in Fig. 111. 
Gas from the brine tank is drawn in at e, and. enters to the 

upper side of the piston P through a single poppet valve. 

By the long passage connecting e with the underside of the 
piston the latter is constantly in contact with cold gas, and the 
stuffing-box s is thereby protected from any accumulation of 
pressure by leakage. The compressed gas makes its exit by f 
and the nearest poppet valves, of which there are two. The 
three valves are held in place simply with the set screws in 
the yoke 7, so that by running a set screw back, any valve may | 
be removed in a few moments. The stuffing-box s is set up by 
means of the worm J/ and hand-wheel 7. The space J is filled 
with water to serve as a jacket for the preservation of joints 
against overheating, ete. 

Clearance Spaces.—The piston travelled within 0.03 inch of 
the cylinder head during the period of about seven weeks cov- 
ered by the experiments. 

By removing the inlet valve a sliver of sheet lead was laid _ 
upon the piston, and then the latter forced to the end of its 
stroke. The lead was then removed and its thickness gauged. _ 
At the beginning of work, early in March, the thickness was 
0.05. No adjustment was made during the succeeding seven 
weeks, the machine being run daily during that time. 


23 


> 
: 
| 
| 
4 
‘ 


{ 


Section of Ammonia Cylinders, 
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On April 30th a second clearance measurement was made, and 
the pistons found to be 0.033 inch from the cylinder heads. 


The indicator was attached to a one-fourth inch pipe, eight — 


inches long, set in the cylinder head. a 


The waste space was made up as follows : 
Four slats in screw heads in follower 0.117 cu, in. in. 
Two lifting holes in follower 0.417 
Length of ,'y inch between piston and head 3.534 
Counterbore about single inlet valve .250 
Counterbore about two outlet valves ; . 788 

.800 

.500 


Total waste space each cylinder 
Displacement of compressor piston 
Waste space in per cent. of displacement, 4'4 


The outlet valves were 2}3 inches, and the inlet valve 
3:4 inches diameter, at the base. 
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“ESTIMATE OF REFRIGERATIVE EFFECT, TRIAL NO. 2. 


During this trial the brine was being reduced to zero for the 
succeeding trials. The work of the machine was therefore not 
obtainable from the brine meter alone, as the reduction of thie 
temperature of the brine was a large fraction of this work. The 
refrigerating effect given in Table I. has therefore been com- 
puted as follows: 

During 14} hours the mean agp of inlet and outlet 
brine fell from 9.25 to — 2°, a range of 11.2 

The weight of brine involved was 225, om lbs., making the 
work of lowering the temperature 2,249 thermal units per minute. 
This, added to the 3,059 units shown by the brine meter, gives 
the figures in line 47, Table I, from which the efliciency and 


capacity are computed. a 


SPECIAL EXPERIMENT ON SPECIFIC HEAT OF AMMONIA GAS AT HIGH 
PRESSURE, 


Thirteen feet of length of the 4-inch ammonia gas pipe ’, Fig. 
110, leading from the compressor to the condenser, were en- 
closed, water tight, by a galvanized iron cylinder about 12 
inches diameter, through which a measured quantity of water 
was circulated steadily during trial No. 8. Thermometers in- 
serted in mercury wells in the ammonia gas pipe at each end of 
the water jacket gave the fall of temperature of the gas to 
half degrees. 

The water entered the jacket at a l-inch pipe at the bottom 
of the condenser end, and issued at the top of the other end, 
throug): a similar pipe. Thermometers inserted in these orifices 
gave the rise of temperature of the water to tenths of degrees. 
A meter was used to measure the water which was calibrated in 
place. From the data thus available the specific heat of the gas 
can be computed as follows: 


temperature Gas inlet to jacket . Beker. 
Gas outlet “ 
Mean temperature Water inlet to jacket.... 
Water outlet 


Water circulated per minute eee 91.23 lbs. 
Ammonia Gas circulated per minute................ Lbs. 
Mean temperature of atmosphere ....... 


4 
J 
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The radiation effects being neglectable we may write : 


+ $1.23 x 9.2 = Specific heat of gas x 28.32 x 53. 
é Specitic heat of gas = 0.557. 


The controlling error of the determination is, of course, that 
involved in the two meters used for the water and ammonia 
respectively. The error of the constant for the ammonia meter 
discussed elsewhere is possibly 57, and may be either plus or 
minus. 

The meter for the water measurement in the specific heat de- 
termination was calibrated but once in place ; but from subse- 
quent trials, under conditions similar to those obtaining during 
the specific heat test, it is certain that the constant used for the 
latter can err only in the direction tending to give to a specific 
heat value. 

Assuming the whole 5¢ error of the water meter to apply 
towards reducing the above figure, we should have the specific 
heat = 0.582, which is considered the most probable value. 


WEIGHT OF AMMONIA CIRCULATED, AND TEMPERATURE OF LIQUID 
AMMONIA WHEN METERED. 


In the test of April 26th and 27th, the temperature of liquid 
ammonia was observed at the point of exit from the condenser 
and at the entrance to the ammonia meter. 

The temperature at each point was 76.7°, no sensible change 
occurring duriig the passage through the reservoir 4, Fig. 110. 
‘During the preceding tests no observation of these tempera- 
tures was made. I have therefore resorted to the following 
method to caleulate approximately the temperature of the liquid 
atthe meter. Let ?,be the arithmetical mean of the inlet and 

outlet condensing water temperatures. 

Let 4, be the inlet condensing water temperature. 


6,— 6, , 
Assume that —% ‘is the mean temperature of the condensing 


water to which the ammonia gives up its heat during the cool- 
ing of the liquid from the temperature due to the condenser 

_ pressure to the temperature at which it issues from the con- 
- denser into the reservoir 4. Assume, also, that the latter tem- 

_ perature is the same as that at which the liquid passes the 
ammonia meter. Let 7’! be the temperature due the condensing 


pressure of the liquid ammonia. w 


| 
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Let C be a constant equal to the temperature lost by the 
ammonia per degree difference of mean temperatures of ammonia 
and water and per unit weight of ammonia circulated per unit 
of time. Let IW be the weight of ammonia circulated per unit 
of time. Let 4X be the difference between the temperature due 
pressure of the ammonia and the temperature at which it 
passes the meter. 

2 JW 


- From the data of the test of Jood 26th, we have 7)’ = 88 


5 = 61°, W = 27.5 Ibs. per minute at assumed density of 0.62 


4X =11.3°. Using these values to determine (, we have 
4X = 11.5 
By this formula is computed the last column of the following 
table : 


TABLE XX. 


2 SHOWING TEMPERATURES OF AMMONIA AND CONDENSING WATER FOR THE 


PRINCIPAL TESTS, 


Conde nsing 
Pressure Temp. (Weight of Temp. Temp. Temp. of liqnid 
No. of above at- Fahr. Ammonia _ of of Ammonia at Exit 
Trial. Egy re, due per Cond’g. ¢ ‘ond’ g. from Condenser 
lbs.. persq. Pressure minute water al water at or at meter. 
inch. P, Ibs. outlet. inlet. 


88 28.32 : 54.0 f 61.0° |76.7° Observed, 
85 14.68 85 56.7 | 7 64.0 68.0 ‘alculated. 
66 14.84 6 0.: 46.0 5: 49.0 
81° | 16.67 >| 46.9 | 57.0° 


By the following table of densities of liquid ammonia it is 
evident that if the average density of the liquid ammonia for all 
the tests be taken at 0.62 or 35.6 lbs. per eubic foot, this figure 
will be sufficiently accurate for any practical deduction. 


y q 
| 852 
161 
152 
105 
| 142 | 
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| 
Temperature Density. Distilled 


Fahrenheit. Authority. 
5 0.75 Faraday. 
14 0.6492 
2 0.6429 
32 0.6364 | 
41 0.6298 
50 0.6230 f D’ Andreff, 
59 0.6160 
68 0.6089 | 
86 0.6018 J 


LIMIT OF ACCURACY OF RESULTS. 


1. The amount of heat radiated from the brine tank to the 
atmosphere was not determined. Rough observations were 
made, however, while the brine was — 4° Fahr., and the machine 
stopped during an interval of about three hours, from which it 
was concluded that the loss of heat did not exceed a small 
fraction of 1¢ of the heat involved in the lowest capacity trial. 

2. The constant for each of the meters must be considered 
liable to an error of 5%. The brine meter determinations are 
regarded as the best, first, because the index figures moved 
continuously, and thereby permitted the number of cubic 
feet used for calibrating to be more accurately determined ; 
second, because the brine pump was under the regulation of a 
counter, and available to adjustment by the observers. The water 
supply depended on pumps at considerable distance, and was 
complicated with several circumstances more or less beyond 
steady regulation. The large discrepancies shown in the dis- 
agreement of the heat received and rejected in trials 2, 3, 5, and 
6, lines 47-54, Table L., are due to these irregularities in the water 
supply. 

3. The difference of temperature of the contents of the brine 
tank before and after the experiment may amount to a consider- 
able fraction of the heat involved if the experiment is short or 
the variations of temperature are not under thorough control. 
The degree of steadiness of the temperature is shown by the 
charts, Figs. 112 to 119. 

While not as perfect as is possible when the work of refrigera- 
tion is wholly due to cooling warehouse space, the degree of 
steadiness for the conditions of load by means of a heater are 
quite consistent with all necessary accuracy. The variation of 
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temperature of the contents of the brine tank under these con- 
ditions was determined by means of a special thermometer 1] 
feet long, made by Green. Its stem correction for full immer- 
sion in the brine tank was 0.077. The following table shows 
the results of exploring the brine tank with this instrument : 


a 


MEAN TEMPERATURE OF BRINE TANK. 


BEGINNING OF 24 Enp or 24 Hours 
ours INTERVAL. NTERVAL. ‘ 
Location oF Hours Intzava INTERVat Begin- 


THERMOMETER. ; ning. 


Bottom. Bottom, | 


64.00 


35.9 


Sum top and bottom 
Average top and bottom.... 


4 The weight of brine involved was 225,000 Ibs. 


If the temperature of this mass altered 1.23° in 24 hours and 
no account is taken of this fact in reducing results, the heat 
units which would thus escape being accounted for would 
amount to 160 per minute. This makes a possible error in 
results of from 2 to 5% according to the capacity and length of 
the trials. 

4. The temperature ranges contain the error of the thermome- 
ter readings, which may be as great as }° in any single reading; 
but the error of the average of the many readings is but a fraction 
of this amount, and cannot affect the results to more than 1. in 
any case. 

5. The error of the specific heat value has been discussed 
under a special head and shown to be about 1.5”. 

6. The mean effective pressure as determined from the indi- 
eator cards is about 37. For practical purposes the results of 
trials, for which the heat received is within about 5¢ of the 
heat rejected, are sufficiently accurate ; and on this basis trials 
1, 4, and 8 are excellent, and constitute a measure of the prob- 
able combined errors due to the above five sources. Trials 1 and 
8 being largely duplicates of each other have thereby additional 


a 
= 
7 
29.6 | 34.5 28.9 33.5 36.25 35 75 
Northwest Corner..... 30.35 | 34.25 29.35 33.7 Outlet. .... 28.30 28.25 
Northeast Corner, ... 27.60 35.00 28.20 33.2 . 
Southeast Corner...... 27.85 | 34.25 27.50 33.2 64.52 iz 
Southwest Corner... 27.85 34.25 27.1 33.0 
South end, Middle....| 27.60 33.25 28.0 | 83.0 /Inlet..:....] 87.0 
West end, Middle..... 30.35 33 75 29.4 33.6 (Outlet. .... 23.5 
8 69 22 
4 
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claims to accuracy, but even these two trials are liable to an 

error of upwards of 5%. _ 
This fact is shown in the diseussion under “ Latent Heat.” _ 


LATENT HEAT OF ANHYDROUS AMMONIA, 


The Ist, 2d, 4th, 6th, 7th and 8th trials are best available to de- 
termine the latent heat at the suction and condensing pressures. 
For the suction pressures we have: 
Heat extracted from brine | nea 


= W [0.508 (t, — — (g'—92)] (A) 
i 


Thermal units per minute } 


In which 
WV = the ammonia circulated per minute. 


0.50% = specific heat of gas. 
1 
t, = temperature at which gas leaves brine. ; 


t, = boiling point of ammonia due suction pressure, 
r, = latent heat at suction pressure. * 
g' = thermal units in liquid ammonia at entrance to brine 
tank. 


g, = thermal units in liquid ammonia at ¢,. As ¢, was not 
observed, its value is assumed equal to the mean of ¢,, and the 
temperature of the gas about ten feet away from the point of 
exit from the brine tank (at the point Z, Fig. 108). See line 35, 
Table I. 


or the condensing pressure we have : 


Heat given to condensing water | = W [r, + 0.532 (t; — t,) +c 
Thermal units per minute — 
1 


In which vit 
r; — latent heat at condensing pressure. 
0.532 = specific heat of gas before liquifaction in the con- 
denser. 

f, - temperature of gas at entrance to condenser. 
t, — boiling point of ammonia at condensing pressure. 
« — specific heat of liquid ammonia—taken as 1.0. 
q' — thermal units as in formula (4). 


1 
"= weight of ammonia as in formula (4). 
q: thermal units in liquid ammonia at t. & 
The following results are obtained: sis 


AMMONTA-COM : 
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LATENT HEAT OF AMMONIA AT SUCTION PRESSURES. 
Deg. Fahr. British Thermal Units. 
Suction 
No. of per sq.) | Latent Heat, Heat ab 
in, above | stracted 
atmos- Lbs. from 
phere. : q2 | Experi- | Theo- Brine. 
| mental. retical. 
able I, 


Trial. 


+24 (414.0 .09) 577. 547. 14776 
+19 —92.0) 58.1! 21.67) 544 568.5 5308 
+4.0} -8.0 7.36 569 559 5 
-3.0 -11.0) 52.68 93 529. 562.0 6925 
-1.0; -5.0) 63.93 596 559.0 4 
+ 23.0! +14.0 09 574.0 | 547.0 14647 


LATENT HEAT OF AMMONIA AT CONDENSING PRESSURES 


Deg. Fahr. | British Thermal Units. 
Condensing 

™ of per sq Latent Heat. Heat 
in, above to 
atmos- ( Condens. 
»here. Line 39. Line 40. Experi- | Theo. [ing Water. 

1 

|Table 1. Table I. mental. | retical. 

adic i, 


151 28.17 84.! 84.80 f 5: 502 17242 
135 2 78.5 | 78.71 | 58.11 2° 506 6708 
152 21! 84.! 84.80 2: 535. 502. 
105 ‘ 66.0 | 66.40 | 52.6! 592. 514.5 QUNT 
147 209 | 82.5 | 82.80 | 63.9: 503.! 4910 
161 | 28.382 | 208 | 83. 88 . 24 .08 | 49 17359 


| 


Trial. ; 


The theoretical figures are from Wood’s Thermodynamics. 


CONCLUSIONS REGARDING LATENT HEAT. 


The accuracy of the theoretical values for latent heat is 
almost a certainty within a few heat units. The constants upon 
which the theoretical formule depend are due to sufficiently 
high physical authority to be assumed very nearly accurate, and 
the only purely thermodynamic expression involved is of axio- 
matic foundation and very direct in its application to the phe- 
nomena of evaporation. Furthermore, a few values of the latent 
heat of ammonia are extant as made by Regnault, and by the 
paper of Prof. Jacobus on the subject it is shown that the tlieo- 
retical calculations practically agree with these. Such refined 
physical methods of determination naturally appeal less strongly 
to the ideas of the practical engineer, than do measurements on 
a large scale made with the actual machinery making use of the 
laws of latent heat in securing its useful effect. 


856 
2 “1.0 10. 
| 4 8.2 | 14. 
6 7.6 | 14. 
18.0 16 
4 8 | 27.5 28 
-« 
1 
2 
4 
6 
& 


Nevertheless, the best possible measurements with practical 
machinery must not be regarded as better than a means of crudely 
corroborating such a constant as the latent heat when the value 


of the latter 


physics as is now the case. 


mental latent 
full extent of 
by comparing 


is as definitely settled by the nicer methods of 
The only proper use of the experi- 
heat values is to consider them in error to the 
their difference from the theoretical values, and, 
with the discrepancies of heat balance, arrive at 


corrections which may be applied to the commercial efficiency 
values resulting from the tests, to reduce the error of the latter. 

Thus, in the case of trial No. 4, we have the latent heat at 
the condensing pressure only, in disagreement with the correct 


figure. 


We, therefore, regard as correct the figures for capacity 


and pounds of ice per pound of coal, which depend mainly on the 


brine end or latent heat at suction pressure ; 


while the water 


consumption at the condenser is to be regarded as about 6% too 


high. 


In the case of trial 


No. 6, the brine end should be increased 


about 6¢, and the water end decreased about 13%. 
In trials No. 1 and No.8 both the brine and water end should 


be dee 


reased about 67. 


In trial No. 7 the brine end should decrease about 6% and the 


water end 1¢. 


In trial No. 2 the brine end should be increased 5¢ and the 


water end decreased about 3 


These corrections are fairly consistent with a nearly exact 
heat balance, a fact which corroborates their probability. 
The most probable figures of performance are, therefore, as 


follows: 


SURES. 
Les. ABOVE | 
No.of AtTMosPHERE. 


Trial 
Con- | Sue- 
densing| tion. 


ONTA PREs- Temrs., 


| 


| 
Inlet. 
| 


ay (2) | (3) 


151 23 
&.. 161 7 
147 13. | 
152 N | 
105 7 
2... 15 


Water Ratio of | Ratio of 
Con-ump- actual 


capac- 
weights 


coal at Gallons of Ammonia. | Trial 


ities. 
water per Trial : 
min, per No.8 ered 
ton of being 
| capacity. unity. 
(9) (10) 


| 


wise | 
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| 
| 
; 
Capacity 
tons re 
| rigerating 
‘ffect per 
24 hours. = 
Outlet. | HP 
! 
36.76 | 28.86 | 70.3 22.6 
36.36 28.45 | 70.1 22.27 1.09 1.0 
14.29 2.29 | 42.0 | 16.27 0.83 1.66 
6.27 2.03 | 36.43 14.10 1.1 | 1.92 
6.40 |-2.22 | 37.20 17.00 2.00 | 1.88 
4.62 | 3.22 | 27.2 | 13.20 | 1.25 2.57 
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Columns 9 and 10 show how exactly the refrigerating capaci- 
ties are proportional to the weight of ammonia circulated. 

The figures in column 7, also, are relatively in very satisfactory 
agreement with theory. Thus, in trials 4 and 6, we have prac- 
tically the same back pressure, and hence the same weight of 
ammonia in circulation. But because of the lower condensing 
pressure in No. 6, the horse-power required for compression is 
theoretically only five-sixths as much as in No. 4. Also the 
proportion of the latent heat available in No. 6 is 6% more than 
in No. 4. Hence the economy of No. 6 should be ¢ x 1.06 times 
that of No. 4, or 17.7 lbs., as against 17.0 by experiment. 
Again, comparing No. 4 and No. 8, the horse-power increases 


25%, the amount of ammonia circulated increases 92%, and 2¢ 


more of the latent heat is available. Hence the increased 
economy is 1.95 = 1.55 times that of No. 4, which gives 
-40 


21.7 against 22.27 actual. Comparing No. 2 and No. 8, the latter's 

horse-power is 0.54% greater, and its latent heat more avail- 

able to the extent of 4%; but 2.6 times as much ammonia is cir- 

culated. Hence the pounds of ice per pound of coal of No. 2 
2.08 = 0.58. 

2.6 x 1.02 


gives 12.9 lbs. for No. 2, as against 13.2 by test. 


should be that of No. 8 multiplied by This 

The small dis- 
crepancies are, of course, due to difference of friction, radiation, 
ete., which the theoretical horse-powers do not consider. 

z DISCUSSION OF EFFECT OF CONDENSING WATER. 

- The most reliable data regarding the quantity and influence of 
the condensing water are shown in the following tables, in which 
the latent heat and amounts of condensing water are taken 
according to the conclusions under “ Latent Heat.” 

Column 14 shows the total heat which must be absorbed for 
each pound of ammonia; and in columns 11, 12 and 13 is shown 
the manner in which this heat is distributed. 

About 12}% is devoted to reducing the superheated gas to the 
state of a saturated vapor ; at the condensing pressure about 59% 
is the latent heat of evaporation, and about 25% is consume! in 
cooling the liquid ammonia after it has been condensed. The 
actual quantities of condensing water must vary in proportion 
to the values in column 14, but the latter are so nearly jro- 
portional to the values in column 19, that the condensing 
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water is commercially based upon these figures, which are pro- 
portional to the useful refrigerating effect of the machine, and 
enable the condensing water to be stated in gallons per minute 
per ton of refrigerating effect per 24 hours (column 23). 

The values in column 19 are equal to the latent heat of am- 
monia minus the difference between the temperature of the 
liquid ammonia at the expansion valve, and its boiling point at 
suction pressure. 

Column 22 is obtained by dividing column 21 by column 18, 
7) x 1440 
284000 
per gallon, 1,440 minutes in 24 hours, and 284,000 thermal units 
per ton. Taking the water consumption of trial No. 8 as unity, 
columns 24 and 25 show that the amount of condensing water 


and multiplying by - 26.3, in which 7} are pounds 


per ton of useful effect is practically proportional to the range 
of temperatures of the water in passing through the condenser. 

A low initial temperature of the water appears to exert no sen- 
sible advantage. Thus in trials | and 18 we have all conditions 
practically identical, except that the water enters the condenser 
at 44.6° in the former, and 54.0° in the latter case, yet no par- 
ticular effect appears attributable to the colder water. 

This fact is due to the liberal amount of condensing surface 
provided, which amounts to about 22 square feet per ton of 
maximum capacity of the machine. With this or a greater pro- 
portion of surface, we may conclude : 

That the outlet temperature of the condensing water will prac- 
tically coincide with the boiling point of the ammonia, and the 
water consumption be one gallon per minute per ton of ice re- 
friverating effect per 24 hours for each 30° Fahr. in the range 
of temperature of the condensing water. The temperatures 
throughout the condenser were quite constant at the bottom, 
Where the water was always about 10° higher than at the inlet. 

At the top of the condenser there was a variation of about 20° 
at lifferent points. 


| 


WATER DATA. 


CORRECTED CONDENSING 


CONDENSING WaTER. 
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10.94 
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3 


69.4 


8.3 


200 | 7 


25.0 


0 


1.0 


62.94 484.06 85.0 


547 


0 


60.69 499.0 11. 


28.86 203 76.7 


2 86 


4.0 


14.0 


88.0 


JO “ON 


| 


| 


2 


D 


35 


7 417.0; 14.8 1 


28.1 


84.0 


57.41 489.59 


47 


13.3 576.0 5 


502.0 


61.50 


1.3 


44.65 83.66 839.01 200, 7 


14.0 


.10 


1 


1.0 


1.0 


~ 


14.68 


75.58 483.42 83,0 


550 


5S4.0 


502.0 16.28 


218 68,0 | 65.96 


0.49 


41.0 


9.0 


8.0 14.84 61 


63.61 408.39 


514.0 13.72 595.0 562 
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COST OF WATER, LINE 68, TABLE I. a 


Let G = consumption of water in gallons per minute per ton 
of capacity in 24 hours. 

Let P = price of water per 1,000 cubic feet in cents. 


Then | - = cost in cents of one gallon of water. 
8.5 « 1,000 S 


1440G = gallons consumed per one ton of capacity in 24 hours. 
1440G6P 


8500 


Example: Let G = 1.0 and ae 


Let P = one dollar, or 100 cents, an ordinary city 
price ; then cost of water forone ton of effect = 
0.169 dollar 
COST OF COAL, LINE 67, TABLE L 


Cost of water per ton of refrigerating effect = = 0,169 


Let C = price of a ton of coal in cents. 


Let V = pounds of ice refrigerating effect per pound of coal. 
2000 
Then y = pounds of coal to produce one ton of refriger- 


ating effect. 


J 000 
cost of coal for one ton of refriger- 


cost of one pound of coal. 


ating effect. 
Example: Let C = 400 cents, an ordinary price. 
Let .V = 24.1, as in trial No. 1 or 8. 
Then cost of coal for one ton of refrigerating effect, = 30.166. 


APPROXIMATE RULE FOR ESTIMATE OF CONDENSING WATER. 


From the foregoing discussion it appears that the condensing 
water may be estimated approximately as follows: 


Let = 

Let r, = condensing “ 

Let ¢; = temperature of condensing water at inlet. 

Let ¢,' ammonia at exit from condenser. 
Let ¢, = boiling point of ammonia at suction pressure. 


Let ¢, condensing pressure. 


| 


| 
— 
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G = gallons of water per minute per ton of capacity per 24 


hours. 
Then = t, — 0.025, 

r, — (¢,, — t,) = thermal units per pound of ammonia produc- 
ing refrigeration. 


(A) 


1.1257, + ¢, — ¢ = thermal units per pound of ammonia ab- 
sorbed by cooling water. 
+ = pounds condensing water per pound of 


t, — t 
Hence, G = 26.3 x —— 
(4; — 4) — — 4)] 
Or, substituting 7,’ from (A), = 
(t, t,) (¢, t,) 0.025r, | 
Exampre.—Let condensing pressure = 150 Ibs. above atmos. 


phere. 
Let suction pressure = 28 lbs. above atmosphere. 
Get ¢, = 56° Fahr. 
Then +r, = 547, r, = 500, = t, = 14°, 


500 11465 7 
G = 26.3 x, = 1.98. 
7 = 20.3 X 99. (547 — 74 — 12.5) 14866 


GENERAL PRINCIPLES CONTROLLING CAPACITY AND COST OF COAL AND 
WATER. 


JaSE 1.—Let the lowest temperature of brine required be 
about 28.0° Fahr., which suffices for cooling the storage cellars 
of breweries, and represents about the highest temperature for 
which machines are employed. Then a suction pressure may 
be used, for which the boiling point of ammonia is about 14° 
below the lowest brine limit. Such a pressure is 28 lbs. above 
the atmosphere. Let the condensing pressure be assume: at 
150 lbs. above the atmosphere. 


Then if we assume that the supply of cooling water shall be 
such as to permit a range of 30° in the condenser, the amount 
of cooling water will be 1 gallon per ton of capacity, whicli at 
the price of $1 per 1,000 cubic feet will make the cost of water 
17 cents per ton of capacity. The mechanical work to operate 


| 
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the machine will be proportional to the area ABLES, Fig. 12), 
which we will call unity. The coal required with a good con- 
densing engine will be about 1 1b. per each 24 lbs. of ice refrig- 
erating effect, making the cost for fuel 16.5 cents if coal costs 
$4 per ton. The total cost for fuel and water is therefore 33.5 
cents per ton of capacity. 

Case I1.—Without altering the back pressure, let the allow- 
ance of cooling water be reduced to 0.75 gallon per ton cost- 
ing 13.5 cents. Thereby the range in the condenser has been | 


KNGO 
LMEP=0.6 
LMGH=0. 


4 
= 
E 
> 
x 
3 
3 
a 
~ 


absolute zero 


Fic. 120. 
Relative Horse-Powers at Different Condensing Pressures. 

increased 337, making it about 40°, which added to the same 
initial temperature of cooling water makes the final temperature 
6°. The condensing pressure of the ammonia will then cor- 
respond to about 96°, making this pressure about 190 lbs. above 
the atmosphere. 

The same quantity of ammonia will circulate as in Case L, 
because the suction pressure is the same. 

But the refrigerating effect of each pound of ammonia will be 
ouly about 96%* as much as in Case I., because the liquid 

This is derived as follows : Latent heat at 190 Ibs. pressure equals 493 ther. 

mal units, and the boiling-point is 96° Fahr. Hence, by the conclusions under 


ABEF =1.0 
> ABJS =1.18— 
ABCD =0.58 
G 72 
R i 
25 A 
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ammonia must cool itself from a higher temperature to the same 
lower limit of 14°, corresponding to the suction pressure, and 
less of the latent heat is therefore available for cooling external 
bodies or the brine. 


The power to operate the machine will now be proportional 
to the area ALJSS, Fig. 120, which is 1.18 times the area for 
Case I. 

Hence the pounds of ice per pound of coal for Case II. is 

0.96 
24.1 x 1.18 19.5. The cost for coal per ton of ice refriger- 
ating effect is therefore 20.5 cents, and the total for coal and 
water 33.5 cents, which is the same as for Case I. 

Case I1I.—With the same suction pressure as in Case L., let 
the cooling water be reduced to 0.65 gallon per ton of ice 
refrigerating effect. Then by a similar argument the condens- 
ing pressure is 210 lbs., and the power to operate the machine 
1.35 times that at 150 lbs. ; the pounds of ice per pound of coal, 
17.7; the cost of water 11 cents, and that of coal 24.5 cents, 
making the total cost 33.5 cents per ton of ice effect. 

Case [V.—-With the same suction pressure as in Case L, let 
the supply of cooling water be made 3 gallons per ton. 

Then the range in the condenser will be about 10°, making 
the outlet water 66° and the condensing pressure 105 Ibs. above 
the atmosphere. The proportion of latent heat available for 
refrigerating brine will be 1.03 times that in Case I, and the 
power expense will be as the area ABGR, Fig. 120, or 0.72 
times as much. The pounds of ice effect per pound of coal 

1.03 
will be 24.1 x 0.72 = 34.5. 


The cost for water per ton of capacity will be 


The total cost for coal and water will be.............. 62.5 cents. 


It therefore appears that for a price of water equal to one 
dollar per 1,000 cubic feet and coal at four dollars per ton, the 


head of ‘‘ Discussion of Condensing Water,” we have 96 — 0.025 x 493 = 83 as 
the temperature of the liquid ammonia at the expansion valve. The therm] 
units devoted to cooling the liquid during its expansion are therefore 83 — 14 
69. This is 12.5 ¢ of the latent heat at suction pressure equals 547 units. ‘Tlie 
similar figure for Case I. is 9.5%. Hence refrigerating effect of each pound in 
100 — 12.6 ~ 0.96. 


Case II. equals that for Case I. times 
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economy of coal and water combined, at 28 lbs. suction pressure, 
is not practically affected by an increase of condensing pressure 
from 150 to 215 lbs. above the atmosphere. 

But a decrease of condensing pressure below 150 lbs. requires 
so great an increase of cost of water that the economy rapidly 
decreases. The cause of this wide difference of results caused 
by about an equal number of pounds variation of condensing 
pressure either side of 150 lbs. is, that the 8 increase of boiling 
point due to the 40 Ibs. increase of pressure increases the range. 
of the condensing water from 33° to 38°, or only about 257, 
while the decrease of pressure, lowering the boiling point 22’, & 
alters the range in the condenser 66°, and proportionally in- — 


@ 
creases the water supply. 


Also the changes in the latent heat at condensing pressure — 
and variation in curvature of the compression curve favor a — 
compensation between the increased cost of power and decreased | 
cost of water in the case of the increase of pressure, whereas 
they are opposed to such compensation in the case of the 
reduction of condensation pressure. 

Case V.—Suppose that a temperature of about zero Fahr. is 
required in the brine or other material to be refrigerated. 

This is frequently the case in public cold-storage warehouses. 
Then we must have a suction pressure affording a boiling point 
of about — 12° Fahr. 

Such pressure is about 7.0 lbs. above the atmosphere. 

Let the condensing pressure be 150 lbs. and the cooling water 
one gallon per ton, with an initial temperature of 56° Fahr., as 
in Case IL 

The weight of ammonia circulated will now be about as much 
less than in Case I., as the absolute suction pressure 7.0 + 14.7 = 
22 lbs. is less than the absolute suction pressure 28.0 + 14.7 = 
45 lbs. in Case L, or in round numbers one-hal/* as much ammo- 
nia will be circulated, and therefore the refrigerating capacity is only 
half that of Case J., assuming the same revolutions per minute. 
But the power to operate the machine, which is proportional to 
the area KNEP, Fig. 120, is only 20¢ less than that for Case L., 
while the proportion of latent heat available for refrigerating 
external bodies is only 0.95 as much as for Case I. Conse- 


* The weight of ammonia is not quite reduced one-half by halving the suction 
pressure, but as the proportion of latent heat available for refrigeration is only 
9.95 of that for Case I., the capacity is very nearly half, ea 


J 
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quently the economy or the cooling effect per unit of power or 
0.5 x 095 

lb. of coal. The cost of water and coal per ton of effect at above 
prices would be 45 cents. Increasing or decreasing the con- 
densing pressure, by varying the allowance of cooling water, will 
produce practically the same variations of cost as in Cases I]. 
and IIT., slightly modified by the difference of curvature of the 
curves AP and AF’, and the relative latent heats. 

It therefore follows that for all brine temperatures or all 
suction pressures, a price of $1 per 1,000 cubic feet for water 
and $4 per ton for coal, maximum economy of coal and water 
combined, is attained at any condensing pressure between 150 
and upwards of 215 lbs. 


per lb. of coal is equal to 24.1 = 14.2 lbs. of ice per 


Maximum economy of coal only is obtained by using the 
highest suction pressure consistent with the desired refrigera- 
tion, and the lowest condensing pressure available by the use of 
as large a supply of cooling water as can be procured. But 
these conditions at the above prices for water and coal make 
the cost per ton of capacity for coal and water together about 
1.75 times the same cost at 150 to 215 lbs. condensing pressure. 
If the cost of water is 50 cents per 1,000 cubic feet with coal at 
$4 per ton, then the combined cost of coal and water per ton of 
vapacity for 105 lbs. condensing pressure and 28 lbs. suction 
pressure is the same as for 150 to 215 Ibs. and 28 lbs. suction 
pressure, viz. about 34 cents. The coal economy is then at the 
maximum consistent with practical refrigeration, viz., 34.5 Ibs. 
of ice effect per pound of coal for non-condensing steam-engines 
using 3 lbs. of (or about 26 lbs. of steam) coal per hour per 
horse-power, unless water is sufficiently cheap to permit the 
use of condensing pressures lower than 105 lbs. above the 
atmosphere. 


The use of lower suction pressures imposes a reduction of coal 
economy, so that at $1 per 1,000 cubic feet for water and #4 per 
ton for coal, the least cost for both these items is about 45 cents 

per ton of capacity, and obtains when the condensing pressure 
. is 150 to 215 lbs. A reduction of condensing pressure to 1()5 
| Ibs. by excessive use of water would increase this cost about 50, 
so that to make the cost the same at 105 Ibs. as at 150 to 21 
Ibs., the price of water would have to be about 50 cents per 1,0) 
cubic feet, with coal at $4 per ton. The pounds of ice effect per 
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pound of coal would then be about 20 for non-condensing steam- 
engines using 3 lbs. of coal per hour per horse-power. 

These conclusions practically apply also to refrigerating 
machines of the ammonia absorption type. 

If a non-compound condensing engine consuming about 20 Ibs. 
of steam per hour per horse-power can be used, which is only pos- 


sible where water costs practically nothing, the coal economy at | 


105 lbs. condensing and 28 lbs. suction pressure may be about 
43 lbs. of ice effect per pound of coal, and 26 lbs. at 7 lbs. suc- 
tion pressure. 


If a compound condensing engine of the best type, using about _ 


16 lbs. of steam per hour per horse-power, can be used, the coal 
economy at 105 lbs. condensing and 28 lbs. suction pressure may 

‘ be about 54 lbs. of ice effect per pound of coal, and about 33 Ibs. 
at 7 lbs. suction pressure. 


STANDARDS 
TRIALS 


OF PRESSURE 
-THEORETICAL 


AND AVERAGE 
TEMPERATURE 


INDICATOR CARDS 
DUE 


OF 
COMPRESSION. 


The pressure gauges were carefully calibrated by reference 


J . 
to a Shaw mercury pressure gauge, and also with a special - 


The 


gauge made to order by the Ashcroft Manufacturing Co. 


ammonia indicator was of the Tabor pattern, fresh from the © 


makers, and provided with a certified spring, whose scale was 
The steam indicator was correct in all 
its features, and the indicator motion was a trully parallel one. 

The proportions of the steam cards are indicated by Fig. 130, 
which is a facsimile of the average card of Trial No. 8. None 
of the other trials are represented, as the steam distribution 
was not an element of investigation. 

Average ammonia cards from each of the trials are given in 
Figs. 122 to 129, except for Trial No. 8, which is selected to 
show a special effect. 

The striking feature of these cards is the remarkably perfect 
behavior of the gas confined in the clearance spaces. It is 
usually believed that this gas can only attain the suction pressure 
by increasing its volume according to some regular law, as the 
piston recedes from the cylinder head. 
gas valve cannot open until the increase of volume of the clear- 
ance gas has oeeurred, and the capacity or useful displacement 
of the pump is proportionately imperfect. It appears, however, 
that the gas confined in the clearance collapses by cooling, so 


100 Ibs. per square inch. 


In this case the inlet 


| 


Om 
Equation of adiabatic for ammonia P; V = BT) — 
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that the reduction of its pressure to the suction limit takes 
place before the piston has commenced to recede, or during the 
travel of the latter over only a fraction of the distance which 
would be necessary to expand the gas adiabatically to suction 
pressure. The appearance of a perfectly square corner or heel 
on the cards, such as in Fig. 122 or 127, appears to be obtained 
more perfectly under the higher back pressures or lower outlet 
temperatures, as in Trials 1, 8, and 6. 

All of the 48 cards taken during Trial No. 1 were like Fig. 122,* 
and six weeks later in Trial No. 8, the same conditions yielded 
but one rounded heel like Fig. 129, all of the remaining 40 cards 
then taken possessing the square heel like Fig. 125. 

The fair conclusion is, that the displacement of the com- 
pressor pistons was mechanically perfect, the maximum clear- 
ance loss shown by the cards being less than 1”. Oil was 
fed into the compressors by gravity, from a reservoir hung 
above the cylinders, and having the suction pressure present 
above the oil, so that the head due the volume of the latter was 
available to cause the oil to flow into the suction pipe. This oil 
was collected by precipitation in the reservoir A, Fig. 110, and 
thence occasionally pumped by hand back into the oil res- 
ervoir. 

The amount of oil fed was about one-fiftieth pint per minute 
to each cylinder, or one two-hundredth cubie inch per revolu- 
tion. The volume of the clearance spaces was about 10 cubic 
inches. The oil could not, therefore, sensibly affect the dis- 
placement or the appearance of the card. 

The curve of compression lies slightly below a hyperbola, 
whose law is PJ’'* = constant, which coincides with the adia- 
batic + for superheated ammonia gas at 7.6 lbs. back pressure, 
and nearly for the other back pressures used. 

Points marked a@ are on such a curve at 130 lbs. absolute 
pressure. 

The excess of pressure during expulsion of gas from cylinder, 
above that in the reservoir, averages 5% of the mean effective 
pressure, which is equivalent to an increase of 12° Fahr. in the 


* It is natural to connect so square a heel and so vertical a clearance !ine 
with the idea that the indicator was knocking when the cards were taken ; such 
was not the case, however, as the cards were taken under special precautions te 
avoid this action. 
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temperature due compression of the gas. The difference between 
the actual temperature of the gas at exit from the compressor, 
and the temperature calculated from the mechanical work of 
compression, agrees fairly well with the heat given to the jacket 
water, and also with the formula 


r= 7, ( 


The following table exhibits these facts in detail. The tem- 
peratures of the gas at entrance to the compressor, except in No. 
8, when it was observed, are obtained by adding 10° to the tem- 
perature observed half way between the compressor and brine 
tank, line 36, Table L., in the case of Nos. 2 to 7, and 4 in the 
ease of No. 1. These amounts are based on a comparison of the 
changes of temperature between the brine tank and the half-way 
point, and while somewhat arbitrary, are very nearly correct. 


TABLE SHOWING THEORETICAL TEMPERATURES DUE COMPRES- 
SION, AND THEORETICAL EFFECT OF JACKET WATER, 


TriaL NUMBER. 


. Horse-power developed in ammonia cyls., 65.7 46.0 54. | 52. 59.4 
. Equivalent of horse-power British ther- 
mal units per minute 2786 | 1912 | 225 Se 2205 20% 2518 3020 
Per cent, of latter above perfect adiabatic 
card | 6 | Be j i 5 5 4 
Equivalent of latter in thermal units... 166 104 5 5 126 | 120 
5, Ditference of lines 2 and 4, perfect adia- 
buatic heat. 2620 | 1838 | 2232 217 Wwe 2392 2900 
. Weight of ammonia per minute, lbs 2.17 10.94 15.5 -68) 15.46 ‘ 16.67 28.32 
. Increase of temperature of ammonia due 
heat in line 5... .. 186° | 300° j j 275° 200° 
Temperature of gas $s at commencement of 
comp. = To 
. Increase of te mperature of ammonia due 
heat in line 4 
. Sum of 7,8, and 9, theoretic: al tempe rature 
due compression 
. Temperature of gas outlet of comp..... 
Temp. absorbed jacket. Diff. 10and 11 
Theoretical thermal units heat absorbed 
by jacket 
. absorbed by jacket, as measured... 
5. Condensing pressure = p, absolute 
. Snuetion pressure = pp absolute. ...... . 
7. Theoretical te oe ae equivalent to line 


SPECIAL INDICATOR CARDS AT VARIABLE SPEED OIL FEED £ 
CLEARANCE VOLUMES. 
In order to determine the influence of these elements upon the 
form of the indicator card from the ammonia cylinders, diagrams 
Figs. 131 to 140 were taken. Several cards under each condition 
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are given in order to show to what extent the compression line 
varies from a given law. The cylinder head was removed, and 
all oil wiped away. 

Cards were then taken at 48 and 30 revolutions per minute 
with the piston traveling within one-thirty-second of an inch 
of the cylinder head. Figs. 131 and 140. 

The cubic inches of clearance space then aggregated three- 
tenths per cent. of the piston displacement. The piston rod was 
then screwed into the cross head, so that the piston traveled only 
within five-thirty-seconds of the head. 

The clearance space then aggregated about three times as 
much or nine-tenths per cent. of the piston displacement. 

Cards were again taken at 30 and 48 revolutions without oil. 
Figs. 132 and 133. Contrary to expectation, this large increase 
of clearance did not produce a proportional increase in the cur- 
vature of the line ¢/ of the card, which should theoretically be 
an adiabatic curve such as the dotted line yy in the enlarged dia- 
grams. Figs. 141 to 145. The fact that the actual line of the 
cards is more nearly vertical is attributable to the collapse of 
the highly heated ammonia gas, due to the chilling action of the 
piston. At the end of the upward stroke the gas in the clear- 
ance spaces is confined as a thin layer between the piston and 
cylinder head, and the former has been in contact with the 
refrigerated gas during the entire upward stroke. Figs. 154 to 
137 show the effect of introducing oil in sufficient quantity to at 
least fill a considerable fraction of the clearance space at each 
stroke. 

The resulting cards are not practically affected by the oil. 
With such small amount of clearance as can be safely maintained 
with a single-acting compressor there seems to be no good rea- 
son for using oil, except to the small extent which good lubrica- 
tion may require. 

Figs. 138 to 140 show the effect of removing the water from the 
jackets. No sensible change in the law of compression can be 
found. The jackets may remove upwards of half the heat repie- 
sented by tho power spent in compression, and yet not sensil)ly 
reduce the amount of the latter. 

This fact, long since established in connection with the com- 
pression of air, is easily explainable on the ground that the 
cooling influence of the jacket is mainly confined to the period 
of the piston’s motion occurring after the compression is ¢l- 


q 
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pleted. By comparing the cards at slow speeds with those taken 
at about 60 revolutions during the several tests, it is evident that 
the outlet valves are too small to work with maximum economy 
at more than about 30 revolutions. 

The loss of power from this source is less only about 5%. 
The lift of the valves is not known. 

Assuming them to lift one-quarter of an inch, the mean veloc- 
ity of exit is about SO feet per second. 

In taking these special cards the machine was run under each 
condition long enough to ensure steady action, before observa- 
tions were commenced. The compression curves coincide very 
nearly with the equation pv'’ = constant. 

The following table compares the temperatures of exit for the 
special cards as observed and calculated respectively : 


Temps. of Gas, degrees Fah. 
Absolute Pressure. 
Lbs, per square inch. 


Inlet to Outlet to Compressor. Conditions. 
Condensi’g. Back. | | Observed. | Calculated. 


147 39 } 183 373 tevs. 30 Clear. 

154 | 21 339 

140 33 2 259 | 

156 30 22 s @ 60 drops per 

minute, 

30 32 Cont. stream 
of oil. 

Sight glass 
full of oil. 

Jack’ts empty. 

Jackets fresh- 
ly filled. 


DISPLACEMENT OF COMPRESSOR AND INFLUENCE OF INTERNAL SUR- 
FACES OF COMPRESSION CYLINDERS UPON THE AMMONIA GAS. LINES 
32-34, TABLE I. 


By the evidence of the compressor cards we are warranted in 
believing that the displacement of the compressor piston was 
equal to the entire volume swept through, the collapse of the gas 
confined in the clearance spaces (to which has been attributed the 
almost perfectly square corner or heel of the cards) causing the 
inlet valve to open without the necessity of the piston retreating 
80 as to expand the gas to suction pressure. But to avoid all 
doubt regarding the deduction to be made below, we will assume 


— 
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that the displacement of the piston is imperfect to the extent 
it would be if the contents of the clearance space expanded 
regularly as per the line yyy, Fig. 145. 

The result would be that two-thirds of 1¢ of the volume 
swept through by the piston would not be expelled from the 
cylinder. As an outside limit we will call the efficiency of the 
compressor displacement 99% of the volume swept through by 
the piston. 


Applying this basis to compute the volume of gas circulated, 
and hence the weight of ammonia which should pass the meter, 
we find that only about three-fourths as much ammonia is thus 
accounted for as shown by the meter. 

Lines 32 and 35, Table L, show this fact. There was practi- 
cally no leakage past the pistons, as the packing of the latter was 
in the most perfect condition, and no evidence of leakage could 
be detected. I therefore conclude that the gas entering the cyl- 
inders was heated by the sides of the latter, and thereby so 
rarefied as to cause a cylinder full of gas to weigh upwards of 
25% less than it would if the gas remained at the temperature 
of entrance while the cylinder filled. The temperature to which 
it would be necessary to heat the gas is given in line 34 of Table 
I. The action would be similar to the phenomenon of cylinder 
condensation in the steam engines, but reversed in its order of 
acting. A loss of economy is caused, and the pumping or 
refrigerating capacity of a given size of cylinder is made less. 
The following is an example of the calculation of the tempera- 
ture in line 34 in the case of trial No, 8, 

We have: 


Suction pressure absolute. ........ce0eeeeeeeeeeeees .. = 43 lbs. per sq. in. abs. 
Absolute temperature at entrance to compressor...... == 475° Fahr. 

99¢ displacement of pistons per revolution...... ..... 3.89 cu. ft. 


Volume of 1 1b, of ammonia gas at 42 lbs. pressure and 


— 9 42 0.32 
) = 6.8 cubic feet. 
3. 89 x 59. 9 


shown DY Meter... esa’ 
Per cent. of displacement unaccounted for............ 21.4%. 


Pounds of ammonia pumped per minute = 


* This is Zeuner’s formula with English constants in round numbers. 


BT —cP™ 
=V=—-p 


Required the temperature to which the gas must be 
Ler 7, be this temperature, then we must have 


_ 47, —4.9 x (42)°™ 


6.8 x 1.214 = 42 ; whence 7, = 5.41. 


Hence the gas would have be heated 66° above its tem- 

perature of entrance to the cylinder. 
The weight of gas pumped per revolutionis.......... 0.46 Ib. 7 
To heat this 68° requires 0.508 x 0.46 x 68........... = 17 thermal units. 


The surface of cast iron with which the gas is in contact 
amounts to 18 square feet. If this surface should give heat suf- 
ficient to cool itself 25° Fahr. to a depth of only one one-hun- 
dredth of an inch, the heat thus supplied would amount to 


1 1 l 
100 * 12” 25 x heat of iron 
x (wt. of cu. ft. of iron = 480 Ib.) = 18 ther. units. 


Hence the heat stored in the interior surfaces of the cylinders 
during compression may easily produce the heating and rare- 
faction of the gas during suction necessary to account for the 
21,4° of ammonia unaccounted for by the meter. The other 
trials give similar results. 


RADIATION OF AMMONIA GAS PIPES, LINES 48a AND 500, TABLE I. 


In trials 1 and 8 the ammonia gas gained about 10° dur- 
ing its passage from the top of the brine tank to the com- 
pressor. For the other trials about twice this difference of 
temperature was gained. The pipe was + inches diameter, 20 ; 
feet in length, and heavily covered with snow. The gain of heat if 
per minute was therefore as follows: 


HEAT GAINED BY AMMONIA FROM ATMOSPHERE. 


| 


British THERMAL Units. 


No. of Trial. Weight of ammonia 


ver min. Ibs. 
Taken from atmosphere. Per of heat an 
1 28.17 140 
2 10.94 110 
15.24 152 
4 14.68 147 
5 15.46 155 
6 14.84 148 
7 16.67 
8 28.32 141 
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For the heat lost in passing from the compressor to the con- 
denser, through a system of piping exposing about 50 square 
feet of black painted iron, we have the following : 


HEAT LOST BY GAS BETWEEN COMPRESSOR AND CONDENSER, 


| | 
| Brivisn Tuer. Units. 


of 


No. of Trial, 


Fabr. degrees. 
of surface. 
Difference of 


atmosphere, 
tem 


total heat 
received 


Fall of tempera 
ture, Fahr. deg. 
Per cent. of 

Mean temperature 


Lost per min. 


| Temperature 


| 
| 


The rate of loss per square foot evidently increases very 
rapidly with temperature, as is well known to be the case with 
all superheated vapors. 


LOSS OF POWER IN FRICTION OF MECHANISM. 


= following computations show that the amount of friction 
shown for the aaa trials, line 62, Table L, is quite consistent 
with the average loss to be expected with any similar mechanism, 
under the best practical conditions of lubrication. 


CONSTANTS FOR CALCULATION OF FRICTION. 

Diam, steam-cyl. in. Stroke 

Diam. ja-cy 2in. Stroke 

Diam. piston rod, ammonia-cyls. . 23 in. Area Piston Packing Rings. 

Diam. piston rod, steam cyls.... 3in. Ammonia-cyl 100 sq. in 

Diam. eccentric 10in. Steam-cyl 

Weight of piston, piston rod, cross-head and connecting rod, each 
ammonia-cylinder 

Weight of piston, piston rod, cross-head and connecting rod, each 
steam.-cylinder 1,370 lbs 

Weight of main shaft and two 18,500 Ibs. 

Diam. ammonia crank-pins 

Diam, steam 

main shaft bearings...... 


16 sq. in. 


| 
ay 
| 
23 | aise 
| 
| 
28.17 1.6 
10,94 275.0 | 63 234 | 71 1.9 
15.24 44.0 | 330.0 3.5% 64 243 179 2.2 
= 14.68 45.0 338.0 8.54 | 64 20 | #16 | 23 
15.46 43.0 328.0 3.5% 69 2% 163 
14.84 30.0 222.0 2.53 | 63 207 |; 144 1.8 
; 16.67 30.0 | 250.0 2.5% 67 24 157 1.9 
23.32 18.0 | 252.0 1.5% 68 212 | 144 17 
‘ 
{ 
” 
= 
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1. As all pressures are upwards of 40 lbs. per square inch, it is 
assumed that some coefficient of friction between 5 and 10¢ will 
apply to all external bearings. 

2. The friction of the stuffing boxes or piston rods is assumed 
at 6 lbs. per square inch of diameter of the rod. Measurement 
of the friction of packing made by the writer in the case of a 
small steam-engine affords this data, which, though meagre, is 
all that is available, and, as will be seen, no essential error fol- 
lows from its approximate character 

8. The frietion of the slide valves is computed on the assump- 
tion of a mean unbalanced pressure equal to half of the boiler 
pressure and a coefficient of friction of 107, which is deduced 
from Mr. Gidding’s experiments with his valve dynamometer.— 
Transactions A. S. M. Vol. VIL. 

4. The thrust upon the eccentric is taken at 25 lbs. more than 
the force to overcome friction of the slide valves. This allows 
for its weight and some friction in valve mechanism 

5. The piston ring friction is computed on the assumption of 
10 lbs. pressure under the rings and 2 coefficient of friction. 

This pressure is known as nearly that due the piston springs, 
and the rings were so snugly fitted that no sensible steam pres- 
sure could be beneath them. The coefficient of friction accords 
with that determined for good lubrication by the writer's experi- 
ments on the friction of packing rings in steam-cylinders.—See 
Transactions A. S. M. E., Vol. X. 

The sum of the friction of the pistons, stuffing boxes, and 
valves only amounts to about 6% of the entire friction of the 
machine. Consequently the approximate charactér of the con- 
stants upon which these items are based cannot introduce any 
important diserepancy into the calculations of the friction of the 
other parts of the machine. 

We may, therefore, subtract the friction of the above parts 
from the total friction, as determined by the difference of indi- 
cator cards, and determine what value for the coefficient of fric- 
tion will, according to Morin’s laws, make the total calculated 
friction equal that given by the experiment. As a sample case, 
to fix ideas, suppose the mean effective pressure to have been 
71 lbs. per square inch for the ammonia-cylinders, and 33 lbs. for 
the steam eylinders, also that the revolutions were 59 per minute. 
The indicated steam-power would then be about 89 H.P., and 
by the simple calculation of multiplying together the normal 


» 
4 
| 
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pressure, speed of rubbing, and coefficient of friction at each 


bearing, we obtain the results in the following table. ; 


DISTRIBUTION OF FRICTION IN SINGLE ACTING AMMONIA COMPRESSOR. FOR 
CONDITIONS OF EXPERIMENT NO. 7, AND A COEFFICIENT 
OF FRICTION OF 744%, 


Amount oF Friction tn Horse-Powenr. 


Parts or MAcHINERY. During 
Suction, “OMPFE*) Steam T 
Action of Pistons. otal, 
| Pampe. "Pumps 


Crank-pins and effect of piston thrusts on main shaft... 0.36 4.30 
Eccentric... .... . 
Cross-head slides. .. 0.18 0.33 
Effect of weight of main shaft and fly-wheels........ 
Piston packing rings. .. 0.18 


| 


Total friction of all moving parts................... 


These results show that a coefficient of friction of 7)% for all 
bearings, except the piston, piston rod, and steam valves, gives a 
total amount of friction equal to 17.45 H.P. The actual friction, 
as determined by the difference between the power shown by the 
indicator cards, from the steam and ammonia cylinders, respec- 
tively, was 17.4 H.P. 

If, therefore, Morin’s laws are applicable to the machine, we 
should find that a coefficient of friction of about 7$¢ will agree 
with the experimental friction for other conditions of mean 
effective pressure. 

The extent to which such is the case is shown by the figures 
on the lower line of the following table. 

Experiment No. 7 is the one cited above. 

It is seen that five out of seven experiments give practically 
74% as the coefficient, and the extreme range is from 9.15% to 
7.35%. The average for all experiments is 7.957. 


| 
4.90 9.56 
0.034 0.034 
0.40 0.91 
0.24 
5.30 
0.33 0.690 
| 0.006 0.06. 
| 
- ‘ 
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TABLE. 


INTERNAL FRICTION SINGLE ACTING AMMONTA COMPRESSION ICE MACHINE, 


No, oF EXPERIMENT. 


Date of ce {Mare 18) Apr. 2|Apr.4)Apr. 5, Apr. 6 
Duration —bours 4 42 11} 134 
Revolutions per Minute BS. 58. .0 | 57.8 | 57.9 


Mean Effective Pressure : 
Ammonia Pumps, pounds per square inch... 


Mean Effective Pressure : 
Steam-cylinder, pounds per square inch 
lorse-power, Steam-cylinder.. 

Horse-power, both Ammonia Pumps ' 
Horse-power expended in Friction Experi- 

Per cent. of Indicated Steam-power: 
Coefticient of Friction for External Bearings 
which makes Computed Friction agree with 

Experimental Amount. . 


It is certainly reasonable, therefore, to believe that Morin’s 
jaws, with a coefficient of friction of about 8%, are applicable to 
determine questions of friction regarding this machine. Conse- 
quently, we may conclude that the power consumed in the fric- 


tion is distributed as follows: 
Per cent, 
of whole. 
Crank-pins and thrust on Main Shaft 


Eecentric 


Weight of Main Shaft 
Piston Packing 


100.00 


We may also venture to estimate the saving in friction due to 
using one double-acting compressor cylinder instead of two sin- 
gile-acting cylinders. 

This would be: 

1. The friction due to the two suction strokes occurring in 
one revolution, amounting to 0.94 H.P. 

2. The friction due half the weight of the main shaft, whose 

entire weight is 2,500 Ibs. This would amount to 0.35 H.P. 
3, If the fly-wheels were combined into one of equal diameter 
— no modification of friction would occur, but if by virtue of doub- 
_ ling the diameter, a single wheel was made to have 50% less 

Weight, as might be the case, without altering the dynamic influ- 
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6 
7 Apr. 26 
1s 
10 58.9 
9 45.735) 58.0 52.4 47.5 59.9 71.0 
0 59.28) 72.5 67.1 50.6 88.6 
4 49.02 54.8 51.9 46.5 Add 1} 71.2 
| per ct. 
3 13.96] 17.7 , 15.2 | 13.1 14.4 17.45 
0 22.0 | 24.5 | 23.0 2.0 20.0 23.4 
per 
cent, 
~ 7.98; 9.15) 7.8 7.35 7.7 7.6 
1 Slides 
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ence of the wheel, there would be a saving of friction amounting 
to 2.35 HP. The total saving due double action would, there- 
fore, be from 1.25 H.P. to 3.45 H.P., or from 1.4% to 4% of the 
entire power to operate the machine. Assuming that the fly- 
wheel can always be designed so as to weigh the same for either 
arrangement, the saving in friction by double action in the case 


of ammonia compressors is not so important as the advantaves 


claimed for single action; namely, facility for examination of 
internal parts, maintenance of a minimum clearance, without 
danger from wear of crank-pin boxes, and a minimum pressure 
of gas at the piston rod stufting boxes. 


SPECIFIC HEAT OF BRINE. 

For the determination of specific heat the management of the 
brewery cordially devoted to my use one of the storage vaults oi 
their establishment. 

A room was thereby available which was capable of being 
maintained, by the refrigerating system, at about 36° Fahr. for 
any length of time. 


I. SPECIFIC HEAT AT ABOUT 32° FAHR. 7 


The apparatus employed is shown in Fig. 121. 

A cylindrical reservoir Z, about 16 inches diameter and 20 
inches high, is mounted upon the wooden case ). This vessel is 
covered with one-inch thick hair felt. An inner cylinder K, 
about 6 inches diameter, fits concentrically into Z, and is open 
at both ends. Hot water placed in the interior of Z can be 
maintained at a practically constant temperature for about an 
hour in a room at low temperature. 

Distilled water heated to about the temperature of the inte- 
rior of Z is placed in a copper flask /’ provided with a dasher 
G. This flask being suspended in K, gradually assumes the tem- 
perature of the latter to any desired degree of approximation, as 
determined by the thermometers 4, 2, and C, inside and outside 
the flask respectively. 

The brine is placed in the open copper vessel /, which rests 
upon insulated supports in the bottom of D, and fully exposed 
to the atmosphere of the experimenting room. The padded slide 
H seals the lower end of K until the temperature of the flask 
and the rate of radiation of the brine vessel have been deter- 
mined. Then the slide is drawn out long enough to allow the 


| 
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Fig. 121. 
Apparatus for Determination of Specific Heat of Brine. 


| 
— 
| 
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flask to be lowered by a cord MV into the brine, where it is en- 
tirely submerged. The rise in temperature of the brine and the 
fall of the temperature of the contents of the flask are then noted 
until the difference of temperature between the water and brine 
is about one degree. 

The flask is then removed, dried, and reweighed, and the brine 
is then observed for five minutes, to determine its rate of loss or 
gain of heat by radiation, ete. 

The details of a specific heat determination is shown by Table 
IL, an explanation of which is as follows : 

At 2.45 p.m. observations of temperature commenced, and at 
3.21 it was evident that the gain of heat by the brine was two- 
tenths of a degree per 5 minutes. 

Also the temperatures inside and outside the flask were 110.5 
and 113.5° respectively. 


At 3.23 the flask was dropped into the brine. 

At 3.32 the temperature of the water and of the brine differed 
five-tenths of a degree, and the flask was therefore removed. Its 
weight was the same to within one-fifth of one per cent. After 
five minutes the brine had lost one-tenth of a degree to the 
atmosphere. The rate of gain of heat by the brine before im- 


mersion was 0.005° per minute per degree of difference of tem- 
perature between the brine and the atmosphere. We assume 
that this rate applies during the two minutes elapsing between 
3.23, the time of immersion, and 3.25, when the temperature of 
the brine equals that of the atmosphere. The average difference 
of temperature between brine and atmosphere is, for this inter- 
val, one-half of the difference between the brine and atmosphere 
at 3.23 p.m., or 3.8. The total of gain of heat to the brine 
from the atmosphere is therefore 0.005 x 2x 3.8 = 0.038°. This 
increases the range of temperature observed in the brine, namely, 
40.4 — 28.9=11.5°. From 3.25 until 3.32 the brine is losing 
heat to the atmosphere at the rate of 0.095° per minute per de- 
gree difference of temperature. The time interval is seven 
minutes, and the average difference of temperature between the 
brine and atmosphere is 19°. The total loss of heat to the at- 
mosphere by the brine is, therefore, 0.005 x 7 x 1.9 = 0.066. The 
gain of temperature of the brine due to the flask and contents is 
therefore 11.5 — 0.038 + 0.068 = 11.63°.. The copper and solder 
in the brine vessel are equivalent to 59.3 grammes of water. We 
assume that two-thirds of the brine vessel shares the elevation 


of temperature of the brine, and the remaining third remains 
constantly at the temperature of the atmosphere. ‘This assump- 
tion is approximate and quite arbitrary ; but if in error 50% 
does not effect the second decimal place of the specific heat 
value, which is the limit by accuracy sought in the investiga- 
tion. The total heat given to the brine vessel is therefore 
3x 59.3 x 11.53 = 401.2. 

And to the brine itself 11.53 =x 6000 = 69180. 

The flask loses some heat during its transfer from the interior 
of L to the brine. The time occupied in making this transfer is 
ten seconds. The flask filled with hot water and exposed to the 
atmosphere lost heat at the rate of one-fifteenth degree per ten 
seconds. If it be assumed that the flask is exposed to a tem- 
perature equal to that of the atmosphere for half the interval of 
transfer, the loss of heat could not exceed one-thirtieth of a 
degree. The range of temperature of the flask was in all experi- 
ments upward of 60 , and hence the loss due to transfer concerns 
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less than one-tenth of one per cent., and is neglectable under our 
assumed limit of error. The water equivalent of the flask was 
30 grammes. We assume that two-thirds of this shared the 
range of temperature of the water and one-third the temperature 
of the fluid outside the flask. 

The range of water temperatures was 69.6. Since the out- 
side of the flask was at 113.5°, the water was at 110.5°. One- 
third of the flask must be considered as falling through the 
matter range plus 3°. Again, since the brine at the end of the 
experiment was five-tenths degree lower than the water in the 
flask, one-third the latter must be considered as falling through 
the water range plus five-tenth degrees. The total heat ee 
up by the metal of the flask is therefore equivalent to 


30 40-9_— 40-4 , 113.5 


3 


or, 223.1 heat units. The heat lost by the water contained in the 
flask is 69.6* x 800 = 55680 heat units. 
Let Y represent the desired specific heat value ; then we have 
11.58 x 6000 x X + } x 59.3 x 11.53 = 49.6 x 800 + 30, whence 
X equals 0.828. 
* The variation of the specific heat of water over this range of tem perature 


Would alter the range less than one-hundredth of a degree, and is therefore 
neglectable, 


J 
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_ Any error involved in the assumption regarding the distribu- 
tion of the heat in the flask is unimportant, as the total heat 
units involved in the corrections for differences of temperature 
inside and outside the flask did not aggregate 100 heat units in 
any experiment, and this affects the specific heat value only in 
the third decimal place. The thermometers used were made by 
Green. They were graduated to fifths of degrees, and readings 
were probably correct to twentieths of degrees. 

This fact would make the error due this source about five 
units in the third decimal place. The aggregate instrumental 
error from all sources is thought to be one unit in the second 
place of decimals. The actual error is best determined by the 
variation of repeated determinations of the specific heat of the 
same brine or of distilled water. The latter gave between 114 
and 45°, a mean specific heat value of 0.954. 

Six determinations of the brine used in the test of March 13, 
having a specific gravity of 1.163, and made with Liverpool salt, 
gave the following results : 


2d “ 

8d“ 

4th 

5th 

6th 


Nine determinations of the brine used in the tests made between 
April 2 and April 27, made by the addition of American salt to 
the previous brine, and having a specific gravity of 1.174, gave 
results as follows : 


3d 

4th * 

5th 

6th 

7th 

8th 

9th 


Average, 


§ It therefore appears that the probable accidental error was 
about equal to the instrumental error, making the probable 
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error of the average figures between one and two places in the 


Bon 
Il. SPECIFIC HEAT OF BRINE NEAR ZERO FAHRENHEIT. 


The determination of the absolute specific heat at this tem- 
perature was not attempted, as the difficulties are too great in 
proportion to the practical value of such a determination. For 
the purposes of the measurement of the performance of refrig- 
erating machines it is sufficient to know that the specific heat 
at zero does not differ from that at or near 32° Fahr. by 
more than a fraction of the amount of error involved in the 
determination of the other elements upon which the measure- 
ment of performance depends. This was accomplished as fol- 
lows : 

Samples of brine were placed in tin vessels deposited in the 
experimenting vault, so that the brine assumed the temperature 
of the surrounding atmosphere. 

Each vessel contained 400 grammes of brine, which occupied 
about half its contents. The copper brine vessel /’ was fitted 
with a thick lid, and placed in a galvanized iron pail about 
seven inches greater diameter than the vessel. The latter 
was then surrounded at the bottom and sides with hair felt up- 
wards of an inch in thickness. Thus insulated, brine at minus 
two degrees Fahr. could be taken from the main brine tank of 
the refrigerating machine, be carried several hundred feet, 
through rooms at various temperatures, to the experimenting 
vault, and stand therein for upwards of a quarter of an hour 
before its temperature would reach zero Fahr. The rate of 
absorption of heat from the atmosphere could therefore be satis- 
factorily determined. 

This having been done, one of the 400 gramme portions was 
poured into the cold brine, thereby causing the latter to rise in 
temperature through about two and one-half degrees in the 
neighborhood of zero, while the 400 gramme portion fell from 
about 36 to 3° Fahr. 

From the temperature of the mixture can be determined how 
much the specific heat near zero differs from the mean specific 
heat between 36 and 3 degrees. 

The average results of six experiments indicated that the 
Specific heat of brine at zero Fahr. differed not more than about 


| 
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one and one-half per cent. from its mean specific heat between 
36° and zero. 

Table ILL gives the detailed data of the experiments. Correc- 
tions were carefully determined for the loss of heat to the air by 
pouring the 400 grammes out of the small vessels ; also for the 
fact that all of the contents of the latter could not be transferred 
to the vessel containing the cold brine. By means of thermome- 
ters inserted at different parts of the hair felt covering of the 
cold brine vessel, it was determined that the heat absorbed by 
this felt was not a sensible factor. (See foot-note, Table III.) 
The thermometers used in these experiments were graduated to 
twentieths of degrees Fahr., and one degree was represented by 
one inch of length. 

Readings were easily made to hundredths of a degree. 

Possibly the instrumental error may be one per cent., but the 
error of the entire determination is probably upwards of two per 
cent. As the probable error of the refrigerating effect of the 
machine as expressed in pounds of ice per pound of coal, is from 
five to ten percent, it may be assumed from the above deter- 
minations that if the specific heat of the brine is taken at 0.786 
for ali brine temperatures between April 2 and April 27, no 
sensible error will be involved. In the ealculations of commer- 
cial results in Table I. the specific heat is taken roundly at 0.82, 
the nearest higher two decimal value for the higher gravity 
brine, and at 0.78 the nearest lower two decimals for the lower 
gravity samples. 
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TABLE IL. 
21. EXPERIMENT I. 


We ight of water in flask be fore imme bs 800 grammes. 
Weight of water in flask after immersion... ...... 799.8 grammes, 


TEMPERATURE. 
FLAsk. 
Time. Brine. Inside. Out*ide. Room. 
Time of experiment, 3,23 — 3.32 = 9 mins. 
90.9 gained by brine ; 40.4° 
8.21 23.8 lTemp. gained by brine, by radiation 
8.233 | 28.9 110.5 | 113.5 Flask dropped.| from air; .005 x 2 « 3.8. 
3.23 36.5 bby by radiation 
3.30 | 40.4 | 41.8 |.. ..... Flask removed 
from brine, |Loss by brine by radiation to air..... = 
11,58° 
|Heat absorbed by brine vessel; 4 + 
y ; 11.53 « 6000 = 69180 
Rate of gain by brine from air : — Te + rature loct by water; 110.5— P 
2 1 1 2 ee : Total heat lost by water ; 69.6 x 800.. = 55680 
o*s*s"*wm-=w™ 005, Heat lost by water flask ; 
ao | 69.6 + 0.5 + 8 2993.1 
Rate of loss by brine to air $3 
1 1 1 1 57803 .1 
57341.9 
341.9 
Specific heat = = 0.828. 
if 
SPECIFIC HEAT OF BRINE NEAR ZERO FAHRENHEIT. 
or Brine. | A. | 4. BB. | A. | A. 
| 
7, + Correction and pouring brine from vessel. 36.81) 36.60 36.78 37.92 36.99) 36.89 
+ Correction for 0.99) 3.88) 0.38 3.88 0.11) 3.68 
+ Correction | 3.44 5.93 3.02 6.14) 3.06) 6.08 
W + Equivalent of vessel in brine = W, + 76 grammes....| 5237 | 5637 | 5019) 5419 | 4737 | 5137 
33.37) 30.67 33.76) 31.18, 33.93) 30.81 
| 2.45) 2.05) 2.64) 2.26) 2.95) 2.45 
of the. st if all the brine is pomred 94/ 1.061 1.02| 1.02 0.97 0.98 
at 32°, if 2 grammes rgnain in the 1,041 1.06 1.01) 1.01. 0.97) 0.97 
* = average ratio of specific heat near zero to mean specific 
W — Te) 
heat between 36 and 8 degrees Fahr. equals 1.015. 
7 T, — temperature of brine in small vessel before pouring, corrected for radia- 
25 
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GENERAL CONCLUSIONS. 


By the term “ice-refrigerating effect” is meant the produc- 
tion of an amount of cold equivalent in heat units to the amount 
of heat which would be necessary to melt a certain weight of 
ice. In speaking of the “capacity” of the machine as being so 
many tons “ice-refrigerating effect,” or “ice effect,” or “ refri- 
gerating effect,” or “ice-melting effect,’ we mean the production 
of an amount of cold in twenty-four hours equivalent in ther- 
mal units to the amount of heat necessary to melt so many tons 
of ice at 32° to water at 32°. Each ton so melted requires 
284,090 British thermal units. Similarly, in speaking of the 
“economy ” of the machine as so many pounds of ice-refrigerating 


effect per pound of coal, or ice effect per pound of coal, or refri- 
gerating effect per pound of coal, we mean that a pound of coal 
consumed at the boiler for the purpose of generating steam to 
work the engine, produces an amount of cold equivalent in ther- 
mal units to the amount of heat necessary to melt so many 
pounds of ice at 32° Fahr. into water at 32° Fahr., each pound so 
melted requiring 142 British thermal units. The actual ice which 
a machine will make per pound of coal, or in twenty-four hours, is 
always less than the above amounts of refrigerating effect ; first, 
because the water frozen is always at a higher temperature than 
32° Fahr., and second, because of the total refrigerating effect pro- 
duced in a bath of brine a considerable percentage is dissipated 
or wasted in manipulating the cans, of water to be frozen, in and 
about the freezing tank. Such waste amounts to from 20 to 50) 
of the refrigerating effect as defined above, varying according to 
circumstances not available to measurement. Hence, in stat- 


ing the performance of a refrigerating machine, the actual 
pounds of ice which the machine might make cannot be used, 


tion, plus .07 degrees that the temperature is raised by pouring the brine through 
the air into the larger vessel. 

T; = temperature of brine in large vessel before that in the smal! vessel is 
poured into it [corrected for radiation]. 

= final temperature of brine in large vessel [corrected for radiation |. 
= weight of brine in small vessel, and W = weight in large. 

The hair felt covering about the cold brjne vessel was one inch thick, and the 
area of contact was 230 square inches, weighing one and one-half pounds. The 
rate at which this felt was being cooled by the brine was about one degree pet 
minute. The pouring and subsequent reading was so quickly done, that on!) half 
a minute of time elapsed. The possible heat abstracted from the fel! was 
14 x 1 x $=} thermal units if the specific heat was unity. The average heat 
units involved are 13,300, of which 3 is less than one one-thousandth per cnt. 


@ 
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> 
and the above fictitious basis is substituted. The following con- 
clusions are derived from the results of the investigation, and 
such deductions from the latter as will be found throughout the 


‘paper. 


No. 1.—The capacity of the machine is proportional, almost 
entirely, to the weight of ammonia circulated. This weight 
depends on the suction pressure and the cubic displacement of 
The practical suction pressures range 
from 7 lbs. above the atmosphere, with which a temperature of 


the compressor pumps. 


zero Fahrenheit can be produced, to 28 lbs. above the atmos- 
phere, with which the temperatures of refrigeration are confined 
At the lower pressure only about one-half 
as much weight of ammonia can be circulated as at the upper 


to about 28° Fahr. 


pressure, the proportion being about in accordance with the 
ratio of the absolute 
For each cubic foot of piston displacement per minute a capacity 
of about one-sixth of a ton of “refrigerating effect’ per 24 hours 
ean be produced at the lower pressure, and of about one-third of 


a ton at the 


affect the capacity of a machine, provided the cooling surface in 
the brine tank or other space to be cooled is equal to about 36 
square feet per ton of capacity at 28 lbs. back-pressure. Tor 
example, a difference of 100% in the rate of circulation of brine, 
while producing a proportional difference in the range of tem- 
perature of the latter, made no practical difference in capacity. 
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upper pressure. 


(See Trials 5-8, Table I.) 


No. 2.—The economy in coal consumption depends mainly upon 
both the suction pressures and condensing pressures. Maximum 
economy, with a given type of engine, where water must be bought 
at average city prices, is obtained at 28 lbs. suction pressure and 
about 150 lbs. condensing pressure. Under these conditions for 
a non-condensing steam-engine, consuming coal at the rate of 3 
lbs. per hour per indicated horse-power of steam-cylinders, 24 
lbs. of ice refrigerating effect are obtained per pound of coal con- 
sumed. For the same condensing pressure, and with 7 lbs. sue- 
tion pressure, which affords temperatures of zero Fahr., the pos- 
sible economy falls to about 14 lbs. of “ refrigerating effect ” per 
pound of coal consumed. 
mined by the amount of condensing water supplied to liquefy 


the ammonia in the condenser. 


per minute per ton of refrigerating effect per twenty-four hours, 


yressures, 22 and 42 lbs. respectively. 


The condensing pressure is deter- 
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No other elements practically 


If the latter is about one gallon 
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a condensing pressure of 150 ibs. results, if the initial tempera- 
ture of the water is about 56° Fahr. Twenty-five per cent. less 
water causes the condensing pressure to increase to 190 lbs. 


The work of compression is thereby increased about 207, and 
the resulting “economy” is reduced to about 18 Ibs. of “ice 
effect’ per pound of coal at 28 lbs. suction pressure, and 11.5 at 
7 lbs. If, on the other hand, the supply of water is made three 
gallons per minute, the condensing pressure may be confined to 


about 105 lbs. The work of compression is thereby reduced 
about 25% and a proportional increase of economy results. 
Minor alterations of economy depend on the initial temperature 
of the condensing water and variations of latent heat, but these 
are confined within about 5¢ of the gross result, the main ele- 
ment of control being the work of compression, as affected by 
the back pressure and condensing pressure, or both. If the 
steam-engine supplying the motive power may use a condenser 
to secure a vacuum, an increase of economy of 25% is available 
over the above figures, making the pounds of “ ice effect” per 
pound of coal for 150 Ibs. condensing pressure and <8 lbs. 
suction pressure, 30.0, and for 7 lbs. suction pressure, 17.5. It 
is, however, impracticable to use a condenser in cities where 
water is bought. The latter must be practically free of cost, to 
be available for this purpose. In this case it may be assumed 
that water will also be available for condensing the ammonia to 
obtain as low a condensing pressure as about 100 lbs., and 
the economy of the refrigerating machine becomes, for 28 lbs. 
back pressure, 43.0 lbs. of “ice effect” per pound of coal, or for 
7 lbs: back pressure, and 27.5 lbs. of ice effect per pound of coal, 
If a compound condensing engine can be used, and make the 
steam consumption per hour per horse-power 16 lbs. of water, the 
economy of the refrigerating machine may be 25% higher than 
the figures last named, making for 28 lbs. back pressure a re- 
frigerating effect of 54.0 lbs. per pound of coal, and for 7 lbs. 
back pressure a refrigerating effect of 34.0 Ibs. per pound of coal. 
The following table shows the equivalent of the above figures 
in thermal units produced per pound of steam consume by 
the engine, on the assumption that the non-condensing engine, 
affording a horse-power of 3 lbs. of coal, consumes 25 lbs. of 
steam per hour per horse-power; the non-compound conens- 
ing engine, 20 lbs. of steam; and the compound condensing, 16 


lbs. of steam. Night 4 


q 
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No. 3.—-If water cost $1.00 per 1,000 cubic feet, and coal $4.00 per 
ton, the cost of each of these items per ton of ice produced is equal, 
being 17 cents, or 34 cents for both together, per ton of refrigerat- 
ing effect for a suction pressure of 28 lbs., and any condensing 
pressure between 150 and 215 lbs. above the atmosphere. As 
the condensing pressure increases, the supply of water per ton is 
reduced ; but it happens that the cost of such reduction is almost 
exactly compensated by the cost of the increased power to 
operate the machine. As the condensing pressure is reduced, 


however, the cost of cooling water increases much more rapidly 


than the cost of power decreases, so that at about 100 Ibs. con- 
densing pressure the cost of water per ton of capacity is about 50 
cents and the cost of power about 10 cents, making a total cost of 
about one and three-quarter times that for 150 lbs. condensing 
pressure. Similar ratios of cost obtain with lower suction pres- 
sures. Thus, for 7 lbs. suction pressure and 150 Ibs. condensing 
pressure, the total cost per ton for both coal and water is 45 cents, 
and this remains the same for higher condensing pressures, but 
increases about 50% when the condensing pressure becomes 
about 100 Ibs. With coal at $4.00 per ton, condensing water must 
be obtained as cheap as 50 cents per 1,000 cubic feet in order to 
make the combined cost of coal and water at about 100 Ibs. press- 
ure equal to that for 150 lbs. or higher condensing pressure. 
These conclusions apply also to ammonia absorption ma- 
chines. They will be found discussed at length under the head 
of “General Principles controlling the Costs of Coal and 
Water.” 

No. 4.—An important deduction from the measurements, )y 
meter, of the quantity of ammonia circulated, compared with the 
weight of ammonia accounted for by the displacement of the 
compressors, is that the latter falls about 25% short. From tliis 
fact it would appear that a similar phenomenon to that of cylin- 
der condensation in steam-engines takes place in the ammonia 
compression cylinder, due to the action of the metallic surfaces 
of the latter upon the gaseous ammonia, whereby the latter is 
superheated during its entrance so as to produce a rarefaction, 
which reduces the weight of a cylinder full of the gas upwards 
of 25¢ below that which corresponds to the density of the gas 
at the temperature at which it enters the compressor. !n 
steam-engines such action induces more steam to enter the 
cylinder than corresponds to the volume swept through by the 
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piston. In the ammonia-cylinder exactly the opposite effect is 
produced, in that gas is preven/ed from entering the cylinder. It 
is shown under the head of “The Action of the Internal Sur- 
faces upon the Ammonia Gas ” that a superheating effect equiv- 
alent to about 100° Fahr. accounts for the loss of displacement, 
and that this effect only requires 25° change of temperature per 
revolution to be undergone bya thickness of the interior surfaces 
of one-hundredth of aninch. The mechanical efficiency of the com- 
pressor was practically perfect. The clearance spaces amounted 
to but one-third of one per cent. of the piston displacement. 
The oil injection used was but an insensible fraction of the 
clearance volume. But the indicator cards showed no evi- 
dence of even the slight loss of displacement due to this very 
small clearance, as the heel of the cards was almost exactly a 
sharp corner. This fact led to a special set of experiments re- 
garding the action of the gas confined in the clearance spaces. 
The result indicates that such gas does not wait for the retreat 
of the piston in order to webens its pressure to the suction 
limit by expansion, but that such reduction of pressure is pro- 
duced by a collapse due to cooling while the crank is turning 
the centres. Thus, instead of the end of the card being a curved 
line it is an almost perfectly vertical one, and there is appar- 
ently no imperfection in the displacement of the piston due to 
clearance. 

No. 5.—The law of compression of the ammonia follows the 
adiabatic curve for superheated ammonia gas, notwithstanding 
that water-jackets surrounding the cylinders absorb upwards of 
25¢ of the heat due to the work of compression. The fact 

seems to be that the heat is not sensibly absorbed until after 
the compression is completed, as has been found to be nearly the 
case with air, even though by water injection the temperature 
of the air leaving a compressor cylinder is several hundred 
degrees lower than that due to compression. 

No. 6.—The latent heat, and temperatures of gas produced by 
compression, agree very closely with the results of the accepted 
thermodynamic formule, and the experimental results agree 
excellently with the theory of refrigerating machines in all its 
details. 

No. 7.—The power wasted in friction is the minimum to be ex- 

pete (| with such apparatus, and corresponds to a coefficient of 
friction of 8% in accordance with Morin’s laws. © 
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Fig, 122.—Average Ammonia Card. Trial No. 1. ‘Scale, 100. 


Fie, 123.—Average Ammonia Card. ‘Trial No. 2. 


Fie, 124.—Average Ammonia Card. Trial No. 3. Scale, 100. 


q 
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+. 125.—Average Ammonia Card. Trial No. 4. Seale, 100. 


"1G, 126.—Average Ammonia Card. Trial No, 5. 


Fie, 127.—Average Ammonia Card. Trial No. 6. Scale, 100. 
; Point (a) on hyperbola pr’ = constant. 


AMMONIA-COMPRESSION REFRIGERATING MACHINE. 393 
cale, 100. 


AMMONIA-COMPRESSION REFRIGERATING MACHINE, 


7 


Fig. 128.—Average Ammonia Card. Trial No. 7. Scale, 100. 


. 129.—Special Ammonia Card. Trial No. 8. Scale, 100, 4 7 


¥ 


Fic. 130.—Average Steam Card. Trial No. 8. Scale, 40. M. E. P. 32.7 


394 
aw 
~ 
—O 


AMMONIA-COMPRESSION REFRIGERATING MACHINE. 395 


NO. 1. 


Clearance: 
No Oil. Revs. per Min:. 48. 
Temp. Gas at Inlet: 35° F. 
Outlet 234° ¥ 


Fig. 131d, 


j 
Fie. 131. 
- 
Be 
| | 
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NO. 2. 


Clearance: 

No Oil. 
Revolutions per Min.: 30. 
Temp. Gas at Inlet: 48° F, 

 Outlet:174° » 


a 


Fic. 182. 


Fie. 1382a, 


Pie, 1520. 
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Clearance: 


No Oil. Revs. per Min.: 48. 
Temp. Gas at Inlet: 34° F. Oo 


Outlet: 238° 


a 


Point (a) is on the Theoretic. 
Adiabatic for Super-heated Ammonia Gas at 130 Ibs. Absolute. 
Line ih: Atmospheric Pressure. 
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NO. 4. 

60 Drops of Oil per Min, 
48 Revolutions 

Temp. Gas at Inlet: 34 , F. 

Outlet:223 


a 


Fie. 134, 


NO. S. 
Clearance: %e 
50 Drops of Oil per Min, 
Revolutions: 48 
Temp. of Gas at Inlet; 31° F. 
Outlet 246°". 


Card taken 5 Mins. after withdrawing Water from Jackets. 
Fia. 134a. 


Card taken 10 Mins. after withdrawing Water from Jackets. 
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NO. 5, 

Clearance: 5g , 
Continuous Stream of Oil. 
Revs. per Min.: 48. , 
Temp. Gas at Inlet: 32,F. 


Fia, 135a. 


Fig. 135. 
e 
| 
, Fi. 1850. 
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+ 
NO. 6. ot, wile 
Clearance: 
Sight Glass Full of Oil. 
Revolutions: 48, 
Temp. Gas at Inlet: 32° FP, 


a 


@ 
— 
e 
} 
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“ Fig. 
Fic. 180. 
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~ 
N 0. fe 
Clearance: 542, 

50 Drops of Oil per Min. 
Revolutions: 48: . 
Temp. of Gas at Inlet: 33° 

» Outlet 238°. 


- 


Fia. 137. 
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Clearance: 
50 Drops of Oi) per Minute, 
Revolutions: 48 
Temp. Gas at Inlet: 31° F. 
Outlet: 246° F, 


Card taken 5 Mins, after w ithdrawing Water from Jacket. ; 
Fig, 138, 


Card taken 10 Mins, after withdrawing Water from Jacket. 
dfs 
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AMMONIA-COMPRESSION REFRIGERATING MACHINE. 


Clearance: 
50 Drops of Oil per Min. Revs.: 48. 
Temp. Gas at Inlet: 31°, F. 
* Outlet: 251 


Full Line, Card 10 Mins. 
\ after withdrawing Water . 


from Jackets, 


Dotted Line; Just after Jackets were Refil 
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Card taken 7 Mins. after Refilling Jackets with Fresh Water at 
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Clearance: 
No Oil, Revolutions: 30, 
Temp. Gas at Inlet: 14° F 
"Outlet: 188° 
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BY J. E. DENTON, HOBOKEN, N. J 
(Member of the Society.) 

THE object of the following paper is to make public the de- 
tails of construction of two pieces+t of apparatus for investigating 
the action of lubricants, under special conditions which attempt 
to approximate to those of practical service : /rsf, in the lubri- 
cation of steam-cylinders ; and, second, in the lubrication of jour- 
nals subjected to heavy pressure. 

The experiments which will be recited are offered not as com- 
pletely exhaustive, but as suggesting lines of investigation which 
are so extensive in their opportunities as to make it desirable 
to secure as wide a discussion as possible regarding them, and 
to enlist as many other workers in the same field as possible. 


DESCRIPTION OF APPARATUS FOR CYLINDER OILS. 


Referring to Fig. 146, a piston .Y of a 6-inch steam-cylinder, 
9-inch stroke, is fitted with a special packing ring ( carried upon 
spring levers, so that the force of friction created between it and 
the walls of the cylinder shall move a pencil arm /, and, as the 
piston reciprocates, form an approximately rectangular diagram 
on a piece of paper 4 held against the pencil. One-half the 
width of the rectangular diagram measures the total frictional 
resistance of the ring on a seale of 230 lbs. to the inch. The 
packing ring C is made almost perfectly flexible by saw slits on 
its interior surface, and can be expanded by levers actuated 
by the screw F’, so that any desired intensity of pressure up to 
150 lbs. per square inch can be created between the ring and 
the surface of the cylinder. Two ordinary packing rings S pre- 


* Presented at the Richmond meeting of the American Society of Mechanical 
Ev vineers (1890), and forming part of Volume XII. of the Transactions. 

‘ The apparatus described has been constructed for the Lubricating Committee 
of the Standard Oil Company. It is erected and in use at the Stevens Institute, 
pe ding the selection of a location for a laboratory elsewhere. Iam indebted to 
the courtesy of this committee for the use of the apparatus to secure such data 
a8 ore presented, 
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vent the steam pressure from entering the space devoted to the 
special ring, so that by connecting this space with the atmos- 
phere the only pressure upon the packing ring will be that due 
to the adjustment of the screw /. Provision is made, however, 
to create a pressure under the test ring by steam if desired. 
In this case a connection with the boiler is made at the station- 
ary end of the trussed pipes, Fig. 148, one end of which vibrates 
with the piston and delivers steam into the hollow piston rod 
B, Fig. 146. 

The sectional view, Fig. 147, shows the internal construction. 
The test ring is fastened to one end of the lever J), which has 
its support OV upon the solid part of the piston. The other end 
of this lever is fastened to the rod &. The latter communicates 
with a crank G actuating the pencil J. There are four such 
levers situated at the quadrants of the circle. The resistance 
opposed to the friction on the test ring is that due to the joint 
torsional distortion of the three rectangular strips of steel which 
form respectively the connection between the lever and the test 
ring, the rod /, and fulerum 0. The mass of the moving parts 
is by the design so distributed that their centre of gravity lies 
exactly in the fulerum O. Hence no movement of the pencil 
can result from forces due to accelerations depending upon the 
speed of running the engine. To calibrate the torsional springs 
the test ring is contracted by the screw /, Fig. 146, so that 
it is withdrawn from contact with the walls of the cylinder. A 
plug directly above the top of the rod F, Fig. 147, is removed, 
and weights applied to the top of this rod. The movement of the 
pencil, corresponding to various weights, thus becomes known 
by direct experiments, which can be made while the apparatus 
is in a steam cylinder and at the temperature corresponding to 
the steam. To calibrate the test ring for radial pressure the 
screw J’, Fig. 146, is tightened, so that the resistance of the ring 
against the walls of the cylinder is just sensible to the effort of 
the fingers. A wedge is then fitted to the space where the test 
ring is parted The piston is then removed from the eylinder 
and supported horizontally. A flexible wire is wound around 
the test ring, making one complete turn. One end is fastened 
to an external support and the other end successively weighted 
with increasing amounts. For each weight applied, the scrow 
F, Fig. 146, is turned so as to expand the ring until the wedge 
in the parting space can be moved with the fingers. Twice the 
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weight applied to the wire divided by the diameter of the ring, 
and by the area of contact of the latter, gives the pressure 
per square inch, and the reading of the serew /, which 
is graduated around a cireular head, then corresponds to 
the pressure per square inch thus determined. The entire width 
of the test ring is oneinch. It is cut away in the centre so as to 
confine the bearing to a strip one quarter of an inch wide at each 
edge. The pressure per square inch multiplied by the area of 
bearing of the ring, which is about 9 square inches, gives the 
total pressure for producing friction. This pressure divided into 
one-half the width of a diagram at any point in the stroke gives 
the coefficient of friction of the lubricant for this point of the piston 
travel. The design of the avparatus in its details is due to Pro- 
fessor J. B. Webb. The writer was at work upon plans of an 
apparatus designed to cause the friction of a piston ring to be 
shown by a diagram in the manner described above, but the 
problem of eliminating the effect of the engine speed had not 
been solved when Professor Webb suggested the use of the 
beautiful principle incorporated in the present apparatus, all 
the working drawings for which were executed by him person- 
ally. The outline construction of the apparatus was given in a 
former paper presented to the Society at its Scranton meeting,* 
when experiments were reported which had been made with one 
particular lubricant, with the sole object of determining to what ex- 
tent the friction of a packing ring, under about 70 lbs. per square 
inch pressure, differed, when a fair supply of cylinder lubricant 
was used and when no lubricant whatever was used. The results 
showed that with a newly constructed cylinder of cast iron, and 
with a test ring of cast iron, the friction with no lubricant was 
about 7¢ of the normal pressure ; and with a supply of lubricant 
of average good quality, corresponding to a good economy 
in ccnsumption, the friction was not greater than 2% of the 
hormai pressure. The experiments now to be related are de- 
sizned to show the different amounts of friction given with a few 
petroleum oils and tallow respectively, and to make known the 
method of determining such differences now being pursued with 
the apparatus at Hoboken. The engine employed is an 8 x 9 inch 
upright with link motion valve gear and balanced piston valve. 
It is connected, Fig. 148, to drive a 6-foot Sturtevant fan. 
The resistance thus offered is so constant that, with the link 
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motion fixed at one quarter cut-off, no governor is needed and no 
manipulation of the throttle necessary. The boiler pressure is 
maintained between 125 and 135 lbs. above the atmosphere, and 
the speed at from 125 to 135 revolutions per minute. The oil to 
be tested is fed through a “ Swift” sight feed lubricator /), Pig. 
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148, which 1s attached to the steam supply pipe in the usual 
manner. The cylinder is fitted with a bushing /, Fig. 148, 
which is removable. In commencing a test of oil the piston and 
bushing are removed, and submerged in a tank of naptha for up- 
wards of twelve hours. They are then replaced without any oil 
upon them, and the engine run to speed. Oil is then fed at two 
drops per minute, and a pressure of 75 lbs. per square inch put 
upon the ring by the screw /, Fig. 146. Diagrams are then 
taken, and are generally about half an inch wide, and fairly rec- 
tangular. The rate of feeding is then gradually increased, each 
rate of feed prevailing for not less than three hours, until the 
width of the diagram is about three thirty-seconds of 
inch. This corresponds to a coefticient of friction of about 1 
This rate of feeding is then maintained for two or three succes- 
sive half-day runs of the engine, which is generally allowed to 
stand, with the full pressure upon the test ring, from noon of one 
day until about 7.30 a. Mm. of the following day. The test of an 
oil consists in determining the quantity required to be fed in 
order to steadily maintain a diagram three thirty-seconds of an 
inch wide. After the engine has been run about half an hour 
under any particular feed, the diagram is generally of fixed dimen- 
sions, and when the lubrication is satisfactory it is about iden- 
tical with the one at the middle of Fig. 149. When this dia- 
gram is being produced with any oil there is no “groaning 
sound” emitted from the cylinder. Whenever there is the least 
sound resembling what engineers call “groaning,” the pencil 
vibrates violently. Generally the groaning is omitted, only dur- 
ing the commencement of the stroke. Then the card shows the 
irregularities at the end, exhibited by the left diagram, Fig. 14%. 
When steam is shut off and the engine gradually slows to a stop, 
vibrations occur during the last few turns, which give a diagram 
like that on the right of the figure, and the groaning sound accom- 
panies them. A study of the “ groaning” phenomenon indicates 
that it arises from a disturbance of a uniform condition of tle 
film of oil upon the rubbing surfaces, and does not depend on thie 
nature of the lubricant. In starting the engine in the morning, 
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the groaning will occur during the first few turns, and disappear 
as the engine reaches speed. Occasionally, with all lubricants, 
the groaning will be heard for possibly half an hour, while the 
rate of feeding is below that necessary to afford a friction much 
less than when no oil is used, and then the noise will disappear 
permanently, as the oil supply increases beyond this amount. 
The diagram never fails to indicate the slightest “ groaning,” even 
when the latter is inaudible, without special attention on the part 
of the operator. In several months of use not the faintest rough- 
ing or cutting of the surface has occurred from these occasional 
groaning periods, both the surface of the test ring and that 
of the cylinder possessing a very high polish, which gralually 
improves. 
The following table shows the results of comparing three 
petroleum lubricants of good reputation for cylinder lubrication 
with pure melted tallow. All the petroleum lubricants contain 
some animal mixture to a very limited extent, not more than 
about 5°, and this ingredient is different in each. 

The general appearance and nature of all three is, however, 
about the same. They are defined according to modern methods 
of distinction as oils of about 550° flash point, 26° gravity Baumé, 
45° cold test, and 135 units of viscosity at 212° Fahr. 

The tallow, when melted, has practically the same gravity and 
flash point. but its v:scosity at 212° is only 55 units. That is, i5 
is about 24 times more fluid than the petroleum oils. Tallow, 
during its extensive use, in the past, as an almost universal 
lubricant for steam cylinders, has acquired the reputation of 
affording better lubrication than any product of petroleum 
moderately mixed with some animal ingredient. The acid effects 
of tallow, causing it rapidly to corrode most kinds of cast iron, 
render it less desirable on the whole than the petroleum cylin- 
der lubricants. But so far as the lubrication or anti-friction 
producing properties are concerned, it is held by many that 
tallow is superior to petroleum lubricants. 

The results in the table presented apparently prove quite the 
opposite. The amount of tallow shown to be required to pro- 
duce a coefficient of 1.5% under about locomotive conditions of 
Steam pressure is about twice the required quantity of the 
petroleum oils. The figures for surface uncovered per pint, Col. 

6, indicate that the rate of feeding is about that common in 
euvine practice where oil is used with medium economy. 
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It may be noticed that the experiments commence on Sep- 
tember 20th, with tallow, and, after several weeks of experi- 
menting with the other oils, tallow is again put through the ap- 
paratus with practically the same results, thus proving that the 
rubbing surfaces have not altered their condition. Between 
ach test the apparatus was calibrated, and found unchanged in 
its scales. After each experiment with the tallow, an accumula- 
tion of black paste covered all parts of the interior of the engine 
to quite a tangible thickness; while, with the petroleum oils, only 
an oily film of the same consistency of the oils themselves was 
found on these surfaces. 

While the subject is too little exhausted to venture upon final 
conclusions, the results suggest that the greater viscosity of the 
petroleum oils, under steam heat may be responsible for the 
economy shown as compared to the tallow, as this element cer- 
tainly controls the rate of consumption in the case of external 
bearings, and must have a similar influence between the rubbing 
surfaces of the interior of steam-engines, provided the more 
viscous oil can precipitate itself out of the steam as readily 
as do the more fluid animal lubricants, like tallow or lard, ete. 

The experiments afford no evidence of such superior powers 
of precipitation on the part of tallow, however. 

Analysis of deposit made by tallow : 

Animal oil 
Carbon 
Oxide of iron... 
= Metallic iron 
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er OF APPARATUS FOR HEAVY BEARING PRESSURES, 


An ordinary railroad car axle D, Fig. 150, has forced upon it 
a 12-inch wheel 4, as is the ordinary car wheel. The wheel 
supports one end of the axle on the friction rollers /?, 33 inches 
diameter. The other end of the axle is carried in an ordinary 
bearing on brick work and can be coupled positively to the main 
shaft of a 25 H.P. steam-engine (. The axle can also be driven 
by a belt, in the direction opposite to that of the engine, for 
purposes of calibration, to be explained below. The test jour- 
nalis at £. It is pressed upon by the brass, which may be of 
special form, as per Fig. 151, so as to fit the block /) Fig. 150; 
or it may be the ordinary master car-builder’s brass, fitting the 
regular form of railway car box, which may be substituted in 
place of the block #2 The latter is drawn toward the journal 
by a jack-screw A, connected by the linkage shown in dotted 
lines to the steelyard J/, which is anchored to the beam NV, lodged 
in the brick-work (. The screw A’ has for its nut the cross-head 
H, having knife edges /, from which the links G@ extend upward 
to connect with the yokes in which the block /‘is confined. The 
steelyard has its counterpoise weights, S to S., suspended upon 


two rods S., S,, so that when these are lowered by a screw in 
the hand-wheel S,, the weights come upon the steelyard in suc- 
cession. Thus: when the button S, is at 5,000 of its scale, the 
weight S only depends from the steelyard. If then the jack- 
screw A is made to lift upon the steelyard when the index 
pointer F is at its zero, a load of 5,000 Ibs. is upon the test 
journal /. The other weights, in a similar manner, provide 
for 20,000 Ibs. of load upon the test journal. A reciprocating 
motion is given to the brass by a worm gear Z, which moves the 
slide a back and forth at one-fifth the rate at which the test 
journal revolves. The movement of a can be varied by an 
eccentric cam from nothing to one-half an inch in each direc- 
tion. A fan draws air from the atmosphere outside the building, 
which is available to create a breeze against the test journal 
having a velocity of about 30 miles per hour. The friction is 
weighed upon the double beam /, the smaller counterpoise 
reading pounds of friction at the surface of the journal, which 
is 3.75 inches diameter, and the larger weight reads to 10 Ibs. 
The two weights combined weigh 350 Ibs. of friction. Greater 
friction than this is provided for by weights hung upon the bo!) 
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A, which is suspended in a dash-pot of oil. In order exactly 
to subdivide the load on the journal so that precisely equal 
amounts of strains will act through each of the links G, the 
knife edges J are provided with lugs /, fastened with a set screw 
ina slot as shown. By means of these the knife edges can be 
slightly rotated nearer to or farther from the centre line of the 
test axle, and thereby adjust the relative strain in the two links 
(. It is impossible to construct machine work so that the knife 
edges -/ will be so accurately located, by measurement, as to equal- 
ize the strain in the links G. If the load upon the journal is 
only 5,000 Ibs., an eccentricity of the test brass of one-half of 
one-hundredth of an inch will make the lever / read in error 
about 12 lbs., which is nearly twice the friction to be measured 
when the latter is near the minimum attainable with smooth 
bearings. Hence, all that can be accomplished with the lugs / 

is to adjust them when the lubrication is perfect and the pres- 
sures light, so that opposite directions of running give equal 
amounts of friction, and then determine the friction for greater 
loads by taking it equal to half the sum of the friction shown 
by running in opposite directions. When the coefficient of frie- 
tion is to be determined under conditions giving minimum 
values of the latter, it is necessary to eliminate the friction be- 
tween the test journal and any oiling pad which may rub against 
its under side in order to supply a lubricant. The friction of 
such a pad is found to be about 12 lbs., which is upward of the 
entire friction between the brass and the journal with 5,000 Ibs. 
of load. To eliminate the pad friction, the pan ), which con- 
tains the latter, together with the oil to be tested, is supported 
free of the frame-work around the block /' by a support like ec. 

‘The rods p support a bar which carries a counterweight Q, by 
means of which the sensitiveness of the friction lever / is con- 
trolled. The apparatus does not differ in general plan from oil- 
testing machines now in use by others, such as the Tower machine, 
the machine in the United States Navy Yard in Brooklyn, and 
Goodman’s and Stroudsley’s apparatus. These machines use 
dead weight, however, to produce the load, instead of a steelyard. 
The latter is not, on the whole, as accurate as dead weights, 
but it permits the measurement of variations of friction, equak 
to a fraction of a pound, to be accurately made, which answers 
all purposes at present in view. The remaining features of dif- 
ference are, First, the avoidance of the support of the test axle 
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at A in an ordinary bearing, whose friction would affect the 
temperature of the thermometer inserted in the test brass so 
that this temperature cannot be used as an index of the friction 
of the test brass, as it must be in using ordinary car brasses, 
which do not permit the bearing of the test brass to be sufficiently 
concentric for the accurate use of the friction lever 4. Sup- 
porting the axle on the rollers 7 also enables a violent jar to 
be created by the irregular periphery of the wheels, as is the 
case in railroad practice, and this constitutes a feature which 
is ascribable to the fact that no measurable difference of friction 
is found when the direction of the machine is reversed, as was 
the case in the experiments of Mr. Tower and with the machine 
at the United States Navy Yard. 

Second. A positive power connection is made with an engine 
of sufficient capacity to drive the apparatus to any speed when 
the test bearings are creating an abnormal amount of friction. 

Third. The current of air provided to maintain low tempera- 
tures copies practical conditions a little more closely than does 
the use of cored brasses with water circulation. 


_ Brasses like Fig. 151 are obtained from the Hopkins Car Brass 
Foundry, Jersey City, and bored with a bar, while held firmly 
in the block /, to which they have been previously fitted. 

The brasses are then sent back to the foundry, and the con 


COEFFICIENTS OF FRICTION WITH SPECIAL BRASSES. 


cave bearing surface dressed with an emery wheel so as to give 
the rough surface shown in the figures, but the curvature of the 
surface is not altered. The object of dressing with the emery 
wheel is to enable the friction of the brass to be studied under 
the conditions of surface common to a large division of rail- 
road car service using bare brasses, obtained from the Hopkins 
Foundry, and dressed in the above manner. When such a 


brass is loaded with 5,000 Ibs. it may bear only over an area of 
about an inch. 


Fig. 151 shows such acase. The two spots show the bearing 
after the axle had been turned a few times under 5,099 Ibs. load. 
With a bearing surface of this character aggregating about one 
square inch, making the pressure per square inch fully 5,000 lbs., 
it appears that with any oil applied with a pad either of the fol- 
lowing things may transpire : 

 . Ist. The coefficient of friction at 170 revolutions may, at the 
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start, be about 6°, and remain at this figure long enough to 
cause several hundred degrees of temperature, and finally cut 
and scar the brass, as per Figs. 152 and 153. In this case, if 
the apparatus is continuously run for an hour, the journal may 
be at a high red heat. Such was actually the case with the brass 
in Fig. 152. 

2d. The coefficient of friction may, at the start, be about 6”, and 
then may rapidly decrease, as shown in the following table, the 
brass being reciprocated five-sixteenths of an inch each way : 


Total | Area 
o of load on of 
trial. journal. contact. 
Tass. 
Hours, — | Lbs. Sq. inches. 


Duration 


Temperature Pressure Coefficient 
per of 


square inch. | friction. 


5.0000 5,000 


1,666 


The area of bearing will have become a band about one-half 
an inch wide, as in Fig. 154. Further service slowly widens 
this band, and if a reciprocating motion is preserved, the surface 
of the brass becomes highly polished and is devoid of all rings 
or circular lines. With such surfaces any oil will lubricate, 
giving coefficients of friction of less than half of one per cent., 
and exhibiting only such differences of friction »s are due to 
differences of viscosity. This is illustrated by the following 
table : 

TABLE IL. 
FRICTION OF OILS FED BY PAD ON POLISHED SURFACES, © 


Each experiment of two or more hours’ duration. 


Loan, 5,000 ums Tora. Loan, 10,000 Las. 
> PRESS. PEK INCH, 1,000 LBs. PRE#S. PER SQ. INCH, 1,000 LES, 
4 Gu. 


170 Revolutions. 320 Revolutions. 170 Revolutions. 320 Revolutions. 
CHARACTER OF OIL, 
| Temp. | Get. Temp. 
Fahr. Fahr. 
| 


| 


Coeff. 
of 
friction 


Temp. Corff. Temp. 


o 
friction Fahr. | triction| |triction 


~ 


sperm oil 75-91 | 0.14% 75-101 | 0.14 76-100 78-11 
0.15 | 74-108 | 0.15 88-106 | 0.11 106-113 


-Paraftine oil 74-95 | 
Pure petroleum — cylinder 
stuck, 550 flash ............ 0.18 


| 
4 75-130 6.0%. 
130-128 3.48 
1 128-126 2 a q 
95-92 3.0 | 0.32 
| 
al 
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PRACTICAL BEARINGS. 

A railroad-car brass which wears itself out without overheat- 
ing has its entire surface polished and free from rings. 

Fig. 155 shows such a brass, which was worn out in the Pull- 
man service of the D. L. & W. R. R. Such a brass undoubtedly 
runs with coeflicients of friction like the above. . 

When overheating occurs the surfaces are found roughened, as 
in Fig. 153, which represents pieces of overheated brasses with- 
drawn from service as incompetent to run cool with any oil, 
grease, or cooling compound. In the case of most machinery 
there is no reciprocation of brasses on journals. 

The bearings then wear in rings or grooves. Such a case is 
shown in Fig. 156, which exhibits a crank-pin and its brasses 
from a 25 H. P. engine, running about 200 revolutions per minute. 
These bearings have run, for several years, satisfactorily cool, 
under about the same lubrication as that which prevails with 
locomotive crank-pins. Such grooves are not inconsistent with 
coefficient of friction as low as 3”, but on crank-pins the 
cooling influence of the air permits coefficients as high as & 
without causing a degree of warmth sufficient to suggest un- 
usual friction. An essential condition to low friction with 
ringed or grooved brasses is that the grooves in the brasses and 
journal shall always remain in the same relative position to each 
other. If, for instance, such brasses are forced te slide along the 
journal while under pressure, the grooves may be crushed and 
sudden heating occur. Or if a brass be turned end for end, so 
that its grooves no longer match, there will be increased friction. 
For example, the crank-pin and brasses, Fig. 156, were removed 
from the engine and clamped in a stirrup under a known spring- 
pressure, so as to be run in a lathe in the position in which 
they had run cool. The coefficient of friction was about 6. 
But upon turning the crank-pin end for end in the brasses, the 
grooves “mismatched” and the coefficient was 16%, which was 
sufficient to make the pin run too hot to touch when it was 
replaced in the engine. 


FRICTION OF NARROW BRASS AND BRASS WITH LEAD LINING. 
The following experiment illustrates how small differences in 
the condition of a surface make large differences in its friction. 
A brass like Fig. 157, which had been worn to a polish over a 
width of one-half an inch, and gave coefticients of friction with 
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sperm or parafline of one-sixth of one per cent., was planed out 
so that the five-eighths of an inch of width in bearing stand 


about one-sixteenth of an inch above the surrounding surfaces. 


Fig. 157 represents the brass as thus prepared. 

A load of 5,000 Ibs. applied, and the machine run at 170 rey- 
olutions per minute, with paraffine oil applied with a pad. 

The record was as follows : 


Duration. | Temperature. | Coefficient of 

Hours. Fahr | Friction, 
ys 3.5 
114 2.0 
116 
Yo 1.5 
96 1.25 
0.80 
92 0.35 

Evidently the removal of the supporting effect of the metal 
planed out, allowed the bearing surface to alter, so that the frie- ‘ 


tion was greatly increased at first. But from the final reduction 
of friction it is clear that the area of three square inches was 
quite sufficient to carry the load, and that the pressure per square 
inch, 1660 Ibs., was not too great for the paraftine oil. 


FRICTION OF LEAD-LINED BRASS. 


The friction of concentric brasses like Fig. 151, supplied with 
the well-known “ Hopkins lead lining,” was found t» be as fol- 


low 


| { | 
Yurstion of Revs, per Load in Areva of Coef. of 
rial. Hours, Pounds. Temp. Fahr. on. Contact. Friction. 
170 5000 68-72" Parafline, 0.25% 
170 5000 72-76 0.2% 
1 170 5000 76-81 0¢ 
2 170 5000 81-88 | 
ne 170 5000 R8-90 
3 170 5000 90-90 0¢ 
Changed lo-d to 10,000 Ibs. on same day. 
1 | + 170 10000 79-90 | Paraffine. | 0.18% 
2 170 10000 90-94 | +6 | 0.154 
3 170 10000 | 94-98 | “ 0 1244 
5 170 10000 98-96 “ | 14 0.09% 
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Duration of | Revs. per Load in Temp. Fahr Area of Coef, of 
Trial. Hours., minute. | Pounds. Contact, Friction. 


After standing two days, 
5000 72-80 Paraftline. | 14 
170 5000 80-82 | 14 
170 5000 «82-88 14 
Cooling Compound applied, friction immediately rose for 
an instant to 0.50¢, and then fell to 0.267, as follows: 
170 5000 | Paratfine. | 14 0.262 
170 5000 &8--90 14 0.26% 
170 000s 88-90 | “ | 14 | 0.26% 


With concentric brasses the lead does not “ flow ” under pres 
sure to any perceptible extent. But under the irregularly dis- 
tributed pressure of a M. C. B. brass there is a very consider- 
able “flow.” See Fig. 158. 


FRICTIONAL EFFECT OF APPLYING A COOLING COMPOUND ON BARE 
BRASSES. 
— The cooling compound used consisted of about 607 of pow- 
dered soapstone mixed with 40% of grease. Between the fingers 
it has a sharp, gritty feeling, but contains no lumps. 
The following are instances of its effect applied to parattine 
oil running steadily with a coefficient of 0.257 on a bare brass: 


et Revs. per min. | Load, Pounds. | Temp. Fahr. | Coef, of Fric. 


7 5000 86-95" Parafiine. 
170 95-97 


Applied spoonful of cooling compound to Pad. 
Friction increased instantly to. 


170 5000 | 97-100 | Paraffine. 
170 5000 97-100 = 

170 5000 | 97-109 

170 5000 97-100 

170 5000 | 97-100 

170 5000 | 100-98 


At the point where the cooling compound was applied the sur- 
face of the brass and journal showed a band of fine paralle! in- 
cisions about one one-hundredth of an inch deep, but there was 
no appearance of a high temperature having been produced, is 
will be seen to be the case when a grain of emery cut its way 
across the bearings. 


j 
2 
91 
3 
1.1% 
€ 0.9 
0.5% 
0.4¢ 
2\ 0.3 
3 | 038 
A, 


BEHAVIOR OF SIX M. C. B. BRASSES UNDER CAR SERVICE CONDITIONS. 


These brasses were obtained from the Hopkins Car Brass 
Foundry, without lead lining, and were dressed upon their rub- 
bing surfaces with an emery wheel, as explained above. They were 
of hexagonal form on their upper surface, which roughly fitted 
the ordinary rough cast-iron saddle, inserted between the brass 
and the inner side of the top of the ordinary railway car box, 
which in these experiments took the place of the pressure block 
I’, Fig. 150. 

As explained in connection with the description of the machine, 
an eccentricity of bearing in the brass of 0.005 inches defeats 
any attempt to measure friction directly: in any apparatus in which 
the pressure is all applied to the top brass. 

Hence, with so rough and indeterminate a line of contact as 
exists between a car box and the hexagonal brass, it is not feas- 
ible to determine the friction except by observation of the tem- 
peratures of the bearings. While the latter is not a sufficiently 
accurate index of the coefficient of friction to determine varia- 
tions of the latter, when it falls below one-half of one per cent., 
yet a study of the data given for the concentric brasses will 
make it clear that the following basis of interpretation of the 
friction, from temperature, is practically acceptable. 

1. At 170 revolutions per minute, and any load up to 10,000 Tbs., 
if the temperature increases at the rate of from one-third to one- 
half degree per minute, the coefficient of friction is less than one- 
half of one per cent., and there is no danger of overheating in any 
length of trial. A thirty-minute run will then give the maximum 
temperature of the brass, which will be about 90° Fahr., in a stiil 
atmosphere. 

». At 170 revolutions per minute, and any load up to 10,000 
Ibs. load, if the temperature increases at the rate of one or more 
degrees per minute, so that at the end of thirty minutes’ trial the 
temperature in a still atmosphere is upward of 120°, then the 
cocfficient of friction is three or more per cent., and continued 
running would result in a “hot box.” 

The following tables give the record of each of the six brasses 
and one lead-lined brass. 

The general programme followed is : 

ist. To run ten minutes under 5,000 lbs. load and then note 
the extent and character of the bearing. 


q 
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2d. To make two or more trials of thirty minutes under 5,000 
and 10,000 lbs. load, to determine the liability cf the brass to 
overheat, or to run at minimum friction. 

3d. 'To use paraftine oil first and then follow with sperm under 
the most severe conditions to which the paraftine had been sub- 
jected, in order to discover any superior quality of sperm over 
the paraftine. 

4th. To artificially create heating with emery dust, so as to 
note to what extent grit, accidentally entering between bearings, 
could cause “ hot boxes.” 


The method of lubrication was by a pad 3 inches by 6 inches, 


pressed against the journal by springs, and taking its supply of 
oil with wicks. A reciprocating motion of five-sixteenths of an 
inch each way was maintained at the rate of about thirty-five 
double motions per minute. 


</ 
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Figs. 159 to 164 are reproductions of photographs of the final 
condition of the brasses. 
The following is a resume of the results in the tables, not in- 


cluding the cases where emery is used : . 
Range of Press Times Times 
per sq. ip., Lbs Tried. Overheated. 
— 
5000 Ibs....... 2250-4500 
« 190000 1200-4500 } : 
‘ “5000 1250-2000 
5000 1400-2250 
10000 2100-1200 5 
‘ “5000 1800-3500 
10000 1800-3300 
5000 1200-1300 ‘ 
10000 2000-2400 
Totals $2 
These figures show how purely a matter of chance is the 


overheating, as a brass which ran hot at 5,000 lbs. load on one 
day would run cool on a later date at the same or higher 
pressure. The explanation of this apparently arbitrary differ- 
ence of behavior is that the accidental variations of the smoothness 
of the surfaces, almost infinitesimal in their magnitude, cause varias 
tions of friction which are always tending to produce overheating, and 
it is solely a matter of chance when these tendencies preponderate over. 
the lubricating influence of the oil.. There is no appreciable advan- 
tage shown by the sperm oil, when there is no tendency to 
overheat—that is, the paraffine can lubricate under the highest 
pressures which occur, as well as the sperm, when the surfaces 
are within the conditions affording the minimum coeflicients of 
friction. 

But when a few grains of emery are thrown between the 
bearings, intense heat is generated at the point of introduction. 
This is shown by the burnt oil making the black irregular 
stains in Figs. 159, 160, ete., due to the emery cutting its way © 
through the metals of the bearings. Under these cireumstawes — 
the paraffine volatilizes, and utterly destroys lubrication, while (he — 
sperm resists volatilization, and makes the heating of the whole jowrval 


take place more slowly. This appears by comparing the recor! of - 
Brass A, which took two doses of emery to overheat it with the 


sperm, with that of Brass F. 
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In other words, the sperm and other oils of high heat-resisting 
qualities, like vegetable oil and petroleum cylinder stocks, only differ 
Srom the more volatile lubricants, like parafjine, in their ability to 
reduce the chances oy the continual accidental infinitesimal abrasion 
producing overheating. To exhibit thoroughly such differences, a 
considerable number of brasses must be tried, and as soon as 
one of them promises to overheat with one oil, the other oil 
must be substituted, and its behavior noted. From a number 
of such trials, differences of lubricating property of oils may be 
found. But such differences cannot be developed when the 
bearing surfaces are in condition to give the minimuim coefti- 
cients of friction. This idea is discussed more at length in a 
paper * read at the meeting of the American Association for 
Advance of Science, 1890. 

The lead-lined brass’s record follows that of Brass B, which 
had sensibly roughened the journal. These figures show that 
the lead lining automatically adjusts itself to any irregularities 
in the journal, and finally secures minimum friction. The 
resistance of the lead to being scored by an excrescence, on the 
journal, is much less than that of the bare brass, so that while 
there is a temporary increase of friction, no very intense heat is 
created. 


REMARKABLE CASE OF OVERHEATING OF LEAD-LINED BRASSES. 


lig. 165 shows one end of a lot of lead-lined brasses which in 
the Pullman service of a neighboring railroad gave so much 
trouble from overheating that they were withdrawn from use, 
and broken so as to expose the structure of the brass. It then 
appeared that the centre of the brass, as shown by the darker 
portion of the cross-section in Fig. 165, differed essentially from 
the outer portions of its body. The attention of the writer being 
called to the matter, a chemical analysis was made of the differ- 
ent portions of the brass, the drill holes shown in the latter 
being made to obtain the samples for examination. It was found 
that the inner portion of the brass was devoid of phosphorus, 
While the outer portion contained a little more of this element 
than belongs to the toughest variety of phosphor bronze. 
This irregularity of structure was apparently the cause of the 
lea! lining wearing so that the brass near the centre of the bear- 


Pia 


> 
> 
| * Am. Mach., Oct. 24, 1890. 


ing was bared prematurely, as shown in the figure, and this 
probably resulted in such an interruption of the uniformity of 
oil supply to the centre of the brass as to cause the over- 
heating. 


REMARKABLE CASE OF MUTILATION OF BEARINGS BY OVERHEATING. 


Figs. 166 and 167 show two views of a wrought-iron crank-pin 


12 inches square, which was mutilated by overheating occurring 
during the use of a volatile lubricating oil. The pin is that of a 
triple expansion marine engine, all of whose three crank-pins 
suffered similarly. 

Another engine using the same oil, having steel crank-pins, 
also overheated the latter, but the mutilation was confined to 
pitting marks. The longitudinal slits or grooves shown in the 
figures were absent. The primary cause of the mutilation. was 
naturally thought to be corrosive action due to the oil used. 
Careful chemical examination, however, failed to detect in the 
oil any trace of corrosive elements, either acid or alkali. A 
number of small journals were then made, some of steel, Fig. 
168, and others of the coarsest-grained iron, with the grain 
lengthwise of the journal, Fig. 169. These journals were sub- 
merged in the oil and the latter maintained at 250° Fahr. for 
thirty-six hours. Neither of the metals was affected in the 
slightest degree. 

The same journals were then mounted in a lathe, and clamped 
between two brasses, which by means of a spring were subjected 
to upwards of 1,000 lbs. per square inch. 

By running without oil until excessive overheating occurred, 
and then lubricating with sperm oil, with a stream of water on 
the bearings, it was found that, with continued running, the 
brasses tore metal out of the journals, and mutilated them quite 
as in the case of the marine engines. Fig. 170 is a sample ot 
one of the journals thus treated. 

Iron journals having cinder cracks afford the longitudinal 
slits or grooves like Fig. 167, while the steel journals, having no 
similar lines of weakness, suffered only pitting. The conclusion 
drawn is that the mutilation in Figs. 166 and 167 was not due to 
the oil used, except in so far as a volatile oil affords more chance 
for the continual infinitesimal variations of condition of tlie 
rubbing surfaces to lead to overheating, as explained under a 
previous head. When overheating occurs, persistence in running 
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under full steam would cause such mutilation whatever the 
lubricant. 


REDUCTION OF FRICTION BY EXCESSIVE APPLICATION OF GRITTY 
MATERIAL TO A BEARING. 

The phenomenon of apparently cooling excessively over- 
heated bearings, by applying grinding material such as emery o1 
sand, is well known. 'To explain how this paradoxical treatment 
can afford relief to a hot journal, the following experiments are 
related : 

A journal about 1} inches square is fitted with double brasses, 
and the surfaces finished with only the ordinary care bestowed 


in turning shafting. The brasses are clamped upon the journal 
by a spring affording 1,000 Ibs. pressure per square inch; the 
journal is mounted in a lathe so that, by means of back gearing, 


= 


any amount of friction can be overcome at steady speed. An 
arm extends from the brasses and rests upon a platform scale so 
that the friction can be measured. Oil is supplied through a 
vertical oil hole kept full with a squirt can, and the brasses are 
provided with liberal oil grooves for distributing the lubricant, 
and precautions are taken to bevel the edges of the brasses, ete., 

so as to afford all ordinary opportunities for good lubrication. 
The oil used is pure sperm. The following is a typical record : 


| 
Duration of Trial. Temperature, Revolutions per Coefficient of Friction, 
Minutes, Fahrenheit, Minute. | per cent. 


5 122 35 
; 10 140 35 
167 
208 
30 212 | 35 
35 206 35 


Change pressure to 200 Ibs. per square inch, and revolutions 
to 330 per minute, and record may be as follows : 


Duration of Trial. Temperature, Revolutions per _ Coefficient of Friction, 
Minutes, Fahrenheit. Minute. per cent. 


5 122 330 
10 140 330 
15 145 B30 by 


330 


— 
— | 


| 
Duration of Trial. Temperature, Revolutions per Coefficient of Friction, | 
Minutes, Fahrenheit. Minute. per cent, ; 


Applied thick paste of emery and oil. 
330 
330 
330 
330 
330 
Cleaned bearings thoroughly and app'ied pure sperm oil. 
830 
330 


Reapplied one thousand pounds pressure. 


5 330 16 
10 330 14 
20 | 14 
30 330 14 


Covered surface of bearings with paste of emery and sperm oil. 
330 16 
330 1} 
330 13 


The effect of the emery upon the surfaces of the bearings is 
to cover the latter with a series of parallel grooves, and, appar- 
ently, after such grooves are made the presence of the emery 
does not practically increase the friction over the amount of the 
latter when pure oil only is between the surfaces. The infinite 
number of grooves constitute a very perfect means of insuring 
a uniform oil supply at every point of the bearings. As long 
as grooves in the journal match with those in the brasses tlic 
friction appears to amount to only about 10° to 15° of thie 
pressure. But ifa smooth journal is placed between a set ot 
brasses which are grooved, and pressure be applied, the journal 
crushes the grooves and becomes brazed or coated with brass, 
and then the coefficient of friction becomes upward of 40. 
If then emery is applied, the friction is made very much 
less by its presence, because the grooves are made to mateli 
each other, and a uniform oil supply prevails at every point ©! 
the bearings, whereas before the application of the emery 
many spots of the latter receive no oil between them. 
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The following is a typical record : — Ce a’ 


NEW SMOOTH JOURNAL PLACED BETWEEN BRASSES GROOVED 
BY USE OF EMERY AND LUBRICATED WITH PURE SPERM. 


Duration of Trial. Temperature, Revolutions per Coefficient of Friction, 
Minutes, Minute. per cent, 


l applied pure sperm, 


Pressure, 1,000 Ibs. per square inch. 

The appearance of bearings as grooved by emery is shown 
in Fig. 171. The conclusion is, that the relief afforded by a 
grinding material applied to an overheated bearing is due to 
the fact that the surfaces are changed from an irregular con- 
(dition of contact to a series of parallel grooves, whereby oil is 
carried to every point of the bearing surfaces, so that the frie- 
tion resulting from the application of the grinding material is 
much less than that existing before its application; but, never- 


theless, such friction is from two to three times the amount | 
which permits bearings to run thoroughly cool. The latter fact 
prevents the explanation offered from conflicting with the fact 
that grit added to bearings, which are giving minimum coefti- 
cients of friction, creates an amount of overheating, which bears — 
the same relation to a perfectly cool condition as the condition : - 
which the emery relieves bears to the lubrication finally pro- 
duced by the emery. Cooling compounds produce relief on the 
Suine principles. But their e utting power for the production of 
parallel grooves is much feebler than that of « mery. 

Hence, unless applied in the early stages of heating—that is, _ 
before the abrasion of the bearings is such as to make the bear- 
ines heat excessively in a few moments—they are unable to pro- 
duce a reduction of friction. apt | 


a 
> 


5 35 = 
10 | | | 
“ 
2) “ Ug 
Cleaned bearins | 
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VALUE OF ANTI-FRICTION METALS. 


The various white metals available for lining brasses do not 
afford coefficients of friction lower than can be obtained with 
bare brass, but they are less liable to “ overheating,” because of 
the superiority of such material over bronze in ability to permit 
of abrasion or crushing, without excessive increase of friction. 

For example, several brasses similar to those used in the 
experiments under the last head being lined with one of the 
most successful anti-friction metals, the following is typical of 
their behavior. 

Pressure per square inch, 1,000 lbs, 


Lubricant, sperm oil 
and emery. 


Juration | 
Trial, of Temperstere. 
‘ahr 


Minutes, 


Coefficient 


Friction. 


Revolutions 
per Minute. 


129 
214 
208 
208 


Bearings were thoroughly grooved at the end of this trial. A 
new smooth journal was then placed between the grooved 


brasses, and 1,000 lbs. pressure per square inch again applied, 


with results as follows: 


Duration of 
Trial. 
Minutes. 


On examination the 
smoothly and the journal 
refuses to be provoked 


Revolutions 
per 
Minute. 


Temperature, 
‘abr. 


149 
212 
221) 
198 
157 
149 
150 


grooves were found 


Coefficient 
of 
Friction. 


erushed down 
smooth, showing that the white metal 
into running with excessive friction, 


under circumstances which would always cause overheating 


with bare brasses. 
reduces the chances of overheating. 


In other words, the use of soft white metals 


The above bearings, being 


Z 
| 
30 35 B30 
45 | 20 
| 
} 15 23. 
30 3 20) 
45 3 14 
60 3 
70 3 
80 3 9 
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cleansed of oil im ether and run dry at 35 revolutions and 1,000 — 
__ |bs. pressure per square inch, gave a coefficient of friction during 
half an hour of 16”, and the surfaces remained smooth. Sperm 
oil was then supplied and the speed doubled. After 20 minutes 
the temperature was 390° Fahr., and the metal collapsed by 
melting, as per Fig. 172. | 


| | | | 
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Fic. 146. 
Enlarged view of cylinder oil tester. 


a 
CARIN 
4 


APPARATUS FOR MEASURING 


ENGINE 


~14% 


FRICTION OF A PISTON PACK- 


ING RING OF A STEAM 


CYLINDER. 


General view of cylinder oil tester. 
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- Typical cards from cylinder tester. 
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Fie. 151. 


New brass run for 10 minutes to show bearing. 


Fig, 154. 


— . Brass affording minimum coefficients of friction, Table IT. 
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59 
: 
“ 
= 
Brass run on testing machine until journal was red hot. 
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Fie. 155. 


Pullman car brass worn out in service without overheating. 


440 
- 
; 
Fie. 1538, 
Sections of Pullman car brasses overheated in service. 
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a 441 3 
7 
Fie. 156. 
Crank-pin brasses worn in grooves by absence of lateral motion. 
= 
: 
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Brass cut away to reduce bearing to 4 inch by 6 inches. 


° 
an 


Fie, 158 
Lead-lined brass, showing tlow of lead under pressure 


Fie. 159. 
Brass 1.—Irregular dark areas show oil burnt by heat due to 


action of emery. 
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Fie. 160. a5 
Brass 2,—No emery applied. 


Brass A.—lIrregular dark areas oil b 


action of emery. 
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Fie, 162. 
Brass (.—Group of parallel grooves at upper end due to action 
of emery. 


Fie. 163. 


Brass B.—Irregular dark areas show burnt oil, burnt by heat 
due to overheating without application of emery. 
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Fie, 164, 


‘.—Blackened surface caused by oil taking fire throughout the bore. 


Fie. 165. 
Section of lead-lined brass overheated in Pullman service. 


ion 
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Fie. 166. 


Mutilated crank-pin due to overheating, 


Fre. 168. 


Steel journals without flaws. 
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Wrought-iron journals with cinder cracks. 


Mutilated crank-pin due to overheating. 
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Fic. 170. 
Journal artificially mutilated. ye 
deg Sends 


Fic, 


Journal and bare brasses after application of emery dust. 


A 


Fie, 172. 
Anti-friction lined brasses melted by overheating. a 
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DISCUSSION. 


Mr. Carleton W. Nason.—Travelling a few years ago in a new 
ear over the Lehigh Valley Railroad, we were much delayed by 
the heating of the brasses. Finally the trouble was radically 
checked by a brakeman, who picked up a handful of gravel from 
the road-bed, and threw it into the box. It ran cool for the 
rest of the trip. 

Mr. Jas. Me Bride.—1 understand Prof. Denton to say that, 
wherever it is possible, it is good practice to give a journal 
end or lateral motion in any machinery that would admit of it? 

Prof. Denton.—Myr. Nason’s case is discussed at the back of 
the paper, where I put emery in to reduce the friction, just as 
though it were sand. 


The answer to Mr. McBride’s question is, that the lateral! 
motion does produce a surface unattainable in any other way. 
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AN ENGINEERING PROBLEM AT RICHMOND, VA, — 
BY W. H. ADAMS, NEW YoRK. 


= 
*? it (Member of the Society.) 


Tue Southern States are well launched on a tide of prosper- 
ity, resulting from a business development of natural resources, 
which is attracting the attention of engineers from all climes 
and from nearly every branch of the profession. They have in 
their special work already revolutionized many of the seemingly 
fixed ideas of the century, and it is daily becoming manifest to 
careful observers that nothing can stay the progress of events 
which shall place the control of leading staple products almost 
entirely in the hands of Southern capitalists, and within a com- 
paratively short time. 

The multitudinous industries which are springing up on every 
hand, and in directions only appreciated within the last few 
years, depend for their well-being greatly, and in some cases 
wholly, upon such lines of transportation as find their terminals 
upon the Atlantic coast, or upon the rivers which lead to the 
ocean, Everywhere throughout the South railroads keep pace 
with the advancing wave of development, and combinations are 
constantly being formed from integral parts of the inland sys- 
tems of railway, which are intended to secure to them the advan- 
taxes of natural outlets on tide-water. 

There is, however, a manifest lack of comprehensive meas- 
ures for developing the outlets on the Atlantic to the enormous 
growth of the interior trade, and while, perhaps, this can be 
easily shown to be due almost entirely to local circumstances 
and conditions which have prevailed during the past twenty 
years, yet, in view of the surprises in store for us when the facts 
of the late census are gathered, and the changes are admitted 
sure to take place in the next decade, we should be quick to 
stuly and comprehend any scheme of improvement, now pre- 


* Presented at the Richmond meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XIL. of the 7ransactions. 
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sented, which appeals to our judgment as likely to solve a prob- 
lem fraught with so much interest to the country at large, and to 
the Southern States more particularly. 

The natural, and in so many cases insurmountable, difficulties 
which engineers are called upon to meet in fixing terminals 
along the Gulf and Atlantic for distributing the products of 
the inland districts by means of vessels of varying tonnage are 
matters of past and present record which have only historical 
value, but by reason of ‘the rapid strides in engineering sciences 
the past need be used for reference only. The work of the present 


has a boldness of design, a rapidity of execution, and a certainty 
of results which challenge the admiration of the multitude, 
secure the necessary financial aid from cautious capitalists, and 
inure to the benefit of the people, as a whole, after completion. 


The Old World offers many instanees of late-day engineering 
works, in improvement of rivers like the Clyde, at a cost of 
nearly $48,000,000 ; the Tyne, at a cost of over $17,000,000 ; and 
others of lesser note in England. 

Without citing other examples at this time, I wish to bring to 
the attention of this branch of the profession the very compre- 
hensive ideas of an engineer of Richmond, Va., whose efficient 
general charge of the James River improvements, and his many 
notable engineering successes, have sufficiently introduced him 
to our Society. 

Mr. Burgwyn has grasped the idea, in its broadest sense, that 
Richmond should be made an inland sea-port town with facilities 
for handling the growing trade of the great interior country 
south, and with a basis for expansion only offered when cheap 
and almost unlimited power can be added to a naturally advan- 
tageous location for comparatively small expenditures. His 
arguments commence from the self-evident fact that nowhere in 
the Middle South, within so limited an area, can so many advan- 
tages be brought to bear toward the building up of an industrial 
centre—the natural depot for interchange of all commoditics 
between the manufacturing and agricultural interior and the 
coast-line cities of the world. 

Primarily, the projector is in favor of utilizing the enormous 
water-shed of the James River, and its one natural outlet at 
Richmond, Va., to its fullest extent. The physical conditions 
are such that impounding reservoirs for storage of the excessive 
rain-falls of the contiguous region—say, a drainage area of 4 * 
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150 miles, equal to 6,000 square miles of territory—are not only 
practicable from the nature of the bottom lands of the upper 
country, but inexpensive (considering the advantages to be 
gained) as compared with public improvements of like nature in 
other parts of the world The measured discharge of the James 
River, taken at Richmond under normal conditions, varies from 
2,000 cubic feet per second to 10,000 eubic feet per second—a 
fair average fall of, say, 4,000 eubic feet per second. Freshets 
are of a character difficult to understand without close study of 
the topography of the country about Richmond, but at such 
periods the estimated discharge of water past the city of Rich- 
mond is as high as 200,000 cubic feet per second. To grasp 
fully the economic value of such a volume of water as is here 
obtainable, if evenly distributed throyghout the season and 
made use of by industrial cities along the river, it should be 
understood that within thirteen miles from the city (Richmond 
being at the head of navigation and on tide-water) there is a 
fall of over 115 feet, and from tide-water to the gap in the Alle- 
chanies, from which the James River takes its source, the eleva- 
tion is about 585 feet. By any reasonable system of impounding 
reservoirs within a distance of 50 miles of the city there could 
be guaranteed at least 4,000 cubic feet per second during sum- 
mer months, and under a head of 115 feet this would average, 
say, 40,000 H.P. To enable the reader to compare this meas- 
ured value with well-known sections where the question has 
been answered by the expenditure of millions of money to 
secure the advantages of power of this character, the following 
table of the horse-power for the summer months alone has been 
compiled 


City. 4 Horse-power. 
James River at Richmond, Va., with reservoirs. .................00eeeeeee 40,000 
James River at Richmond, Va., at 25,000 


It is thus evident that the ordinary summer conditions com- 
par: favorably with the well-known examples above, while great 
fres!iets furnish over two million horse-power to this exception- 


ally favored location at Richmond. 


im 
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A fair valuation of the average horse-power per year is 
stated as $28, and it follows, therefore, that Richmond could 
easily control an annual valuation for her contiguous water- 
privileges of over one million dollars—a dormant value to a 
large extent at present, but one so clearly within the scope of 
engineering talent and science, and so essential to the future 
grand development of the city, that only the means need now be 
secured to insure the successful inauguration of plans and opera- 
tions already outlined or completed. It may seem very strange 
to engineers whose attention is but just now called to these facts 
that operations on a gigantic scale have not already been inaugu- 
rated with a view to distribute evenly the immense water-power 
of the James River, a work which would do so much to place the 
city of Richmond in her rightful position as the foremost manu- 
facturing centre of the Southern States. 

Geographically, Richmond is at the end of the deepest 
western indentation of the Atlantic, 127 miles from the sea 
and 74 miles in a direct line from Newport News, on Hampton 
Roads. 

It commands a far wider territorial area within the limits of 
the United States than any city north of it. Thus, all points 
south of a straight line projected from the mouth of the Del- 
aware River to the Lake of the Woods are nearer to Richmond 
than to New York. It is 241 miles nearer to San Francisco than 
New York. It is nearer to Chicago than New York. It is 130) 
miles nearer St. Louis than New York. It is 197 miles nearer to 
Louisville than Baltimore, 218 miles nearer than Philadelphia, 
and 308 miles nearer than New York. It is now the focus of 
seven railroads from south, north, east, and west, with their 
widely ramifying connections, namely: The Atlantic Coast Line, 
the Richmond & Danville, the Richmond & Alleghany, the Rich- 
mond, Fredericksburg & Potomac, Chesapeake & Ohio, with 
Newport News extension, and the Richmond & York River road. 
As nearly all these roads reach out to the West by shortest dis- 
tances, so they conie by routes of lower grade and through more 
temperate climes to James River, which is without question the 
best outlet for them all. 


Of this distance of 127 miles by river, as stated, from 
Richmond to the Capes, 82% thereof has the requisite de)th 
of 22 feet at mean low tide—generally very much more, »11 
with no bar at the mouth of the river, as there is at the 
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mouth of the Mississippi, the Danube, and the Nile. There is, 
however, in the magnificent harbor of Hampton Roads an entrance 
which ranks the James River with the great harbors of the world, 
like the Amazon. The river itself is one continuous harbor, reach- 
ing into the country 98 miles—the upper 50 miles being fresh 
water. 

This whole distance of 98 miles consists of long, deep, capa- 
cious pools, separated by shoals, which are now being system- 
atically worked upon to produce a uniform depth of 22 feet at 
low water. (See Plate, Fig. 174.) 

With such a depth, Richmond ean compete with any of the 
Northern cities, as she will soon be 67 miles nearer the sea than 
Baltimore, but 17 miles farther than Philadelphia. 

New York has now 21 to 25 feet at lew tide, with a mean rise 
of 4 feet 3 inches = 29 feet 5 inches. 

Philadelphia has on her bar 19 feet at low tide, with a rise of 
6 feet YD feet. 

Norfolk has at her wharves about 25 feet at low tide, with a 
rise of 3 feet = 28 feet. 

Baltimore has 27 feet at low tide, with a rise of 1} feet = 28} 
feet. 

Richmond is promised 22 feet at low tide, with a rise of 3} 
feet 254 feet. 

Some fears have been expressed that the floods in James 
River might be fatal to ship-building, from the overtiow of the 
banks. 

Twice within the last one hundred years, to wit: in 1870 and 
1877, the flood rose in one case to 24, and in the other to 25, feet 
above mean high tide. But twice daily the Clyde rises 10! feet ; 
the Tyne, 15 feet ; the Thames—at Sheerness—16 feet ; at London 
Bridge, 21 feet 7 inches ; and the Mersey, at Liverpool, rises 21 
feet—or several feet more, twice daily, from ordinary tides than 
tle James does in a year from only occasional freshets. Though 
the spring-tides of the Mersey rise ordinarily to 26 feet, and 
at the equinox to 31 feet, or six feet higher than our rarest 
freshets have ever risen, and on the Thames nearly as high, 
yet London has grown to be the largest city in the world, and 
Liverpool to be the first in commercial importance in Great 
Britain. 

At Bristol, which was the foremost sea-port in Great Britain 
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until the development of iron and coal industries sent Liverpool 
to the front, the spring-tide in the Avon rises to a height of 40 
to 48 feet. 

Comparison in natural resources with the enormously wealthy 
and progressive inland cities of England, or of our own country, 
will not show to the disadvantage of Richmond; and, if possi- 
bilities are to be considered, there is more in the future growth 
of this inland centre of trade—with its mineral and agricultural] 
wealth so closely allied, the combination of complex problems in 
water-storage and delivery, utilization, ete.—than can be grasped 
at a sitting. 

I cannot do better than quote freely from the able articles 
which have been written by Mr. Burgwyn, on the special subject 
of the inland basin to be located on the west bank of the James 
River at Richmond. 

“There are few localities in the world where the water-facili- 
ties or frontage are better. While the present official plan is to 
obtain 22 feet at low water, it is quite practical, within reason- 
able limits as to cost, to obtain a channel 30 feet deep at low 
water from the sea as far as Drewry’s Bluff. Arriving at 
Drewry’s Bluff, the project is to have lock-gates, and a basin and 
canal fed by water from the James River. As a series of basins 
could be constructed at a minimum cost by the placing of the 
excavated materials upon the levees between them and the river, 
and as the level of the water in the canal at Manchester is just 
about what is needed for the elevation of the water in the grand 
basins above low tide in the river, it follows that the construc- 
tion of such basins are feasible, are economical, and are possessed 
of many advantages. Thus the water discharged from the open- 
ing of the locks can be utilized in charging hydraulic accumula- 
tors, storage batteries, and for other purposes. The levei of the 
water in the basin being higher than the river, dry-docks can be 
constructed which will empty themselves by gravity, while the 
water in running out can be utilized for many purposes. The 
water in the high-level basins will also afford a cheap power for 
manufacturing purposes. Around such basins, elevators can |e 
constructed with the necessary trackage. Cotton compresses, 
coal pockets, ete., etc., can also be provided for. Back of these 
basins model] homes can be constructed for artisans, mechanics, 
and laborers, and upon the level plateau above all would be « 
city of magnificent size, discharging its sewage under the basins 
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into the river, when it would be carried off without further 
trouble or cost. 

“Careful consideration is called to the accompanying maps, 
where it is shown in detail how such a plan is feasible, how 
readily it can be carried out, and what a legacy nature has 
bestowed upon the locality. By an examination of the profile of 
the channel of the James River, it will be seen that the carrying 
of the depth to 30 feet at low tide will, in almost all instances, 
merely necessitate the cutting through of mud bars. The mud 
in these bars is so soft that iron rods have been run into them, 
sinking from 15 to 20 feet into the mud, simply from their own 
weight. The procuring of a depth of 30 feet at low tide, instead 
of 22 feet, the present plan, would require the removal of only 
about 29,000,000 cubic yards of material. By skilfully locating 
brush dikes, these channels, once obtained, can be maintained 
at little cost on account of the scouring action of the tidal ecur- 
rents. With high-level basins, as above described, and with a 
highway to the sea of 30 feet at low tide, it is held, as proved, 
that few localities surpass the County of Chesterfield in its 
physical location as regards deep-water transportation. It is 
stated that at the Panama Canal the machines have moved, since 
the Ist of January, 1888, material at the rate of a million and a 
half eubie yards per month. At this rate it would take less than 
two years to make the excavation. Material of this nature in 
the vicinity of Norfolk has been let to contract as low as ten 
cents per cubic yard. It is believed that this extra depth can be 
procured at a cost of six million dollars. 

“ Comparing this work with others, it has been stated that the 
cost of the improvement of the Clyde was $47,845,000, and that 
of the Tyne was $17,280,000. In the latter instance 40,000,000 
eubie yards were removed, but the material was much harder 
than the soft mud of the James, and the dikes were of stone 
instead of brush, as is proposed here. 

“One of these basins is shown in detail on the map.* Itcon- 
tains about 400 acres of land. The dockage or wharf-length is 
about 9 miles, and it contains 8 dry-docks, which can empty them- 
selves by gravity. Two of these dry-docks are sufficiently large 
to take in any vessel except, perhaps, one of the size of the Great 
Euvern, and the remaining six are of smaller, graduated sizes. 
Each dry-dock can be entered by itself and has its own railroad 


* See Plate, Fig. 175. 
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tracks. It is estimated that the cost of the entrance lock and 
the 8 dry-docks would amount to $3,245,000, the excavation of 
the interior basin would amount to about $750,000, and the 
interior wharfage line to about $250,000, and the outside wharf- 
line $430,000. There are about 26 miles of track, which, inelud- 
ing the switches, ete., would cost about $128,000. The buildings, 
ete., would be a cost determined upon the machinery required. 
It is to be observed, however, that almost all of this construction 
could be done seriatim, and therefore be developed as the com- 
merce or necessity requires. The interior basin here shown lies 
between Manchester and Goode’s Creek. The next one would 
be along the river between Goode’s Creek and the bluffs at War- 
wick, and the third basin would lie between the bluffs at the old 
town of Warwick and Drewry’s Bluff.* 

“The total acreage in these three basins would amount to over 
1,500 acres, and the wharfage frontage about 35 miles. When 
one compares these possibilities here with the data of existing 
works in the acompanying tables, he would be astounded at the 
advantages of this location and be convinced more than ever that 
‘ Chesterfield County is as richly endowed by nature as any place 
in the world.’ ” 


TABLE SHOWING NUMBER OF VESSELS OF GIVEN TONNAGE — 4 
ACCOMMODATED PER ACRE OF DOCK AREA, 


Tonnage. | No. of Vessels per Acre. | Tonnage. No. of Vessels per Acre. 
| 


100 350 
150 6 400 5. 
200 450 


250 500 
300 


* See Plate, Fig. 176. 


ad 


Yew 
: 


FOR) 

wus 


Surveyed by 
C.P.E.Burgwyn A.B. Hvd. M.Am. Soc. CE. 


Ast! Engineer in local charge of the improvement of tho James River 


"Means, Amer. Soc. Mecu’n Ene. Von. 
4 
Be: 


.-ATLANTIC OCEAN 


HAMPTON ROADS 


| 


TRANS. AMER. Soc. MECH’L ENG 


ENG. Vou. XII. 


MAP SHOWING*PROPOSED TERMINAL. FACILITIES AT A SITE 
BORDERING ON MANCHESTER VA. 
Surveyed and designed by 
CP.E.Burgwyn AB. CE. Hvd.M.Am. Soo. CE 


Matt Engineer in local charge of the improvement of the James River 


| 


i 


. 
4 


. H. ADAMs 


7, 
. ‘ 4 


JAMES RIVER 


Ridvmond to Kingsland Creek 


Virginia 


1879880 


H 


Note 


Te Curves Pequal geen Or emery 
The figures in ow in 


C.P.E.Burgwyn AB.C.E.Hvd 
M.Am. Soc. C.E. 


wees 


TRANS. AMER. Soc. Mecn'L ENG. VoL. XII. 
« 


Compiled by 
C.P.E.Burgwyn A.B. C.E. Hvd 
M.Am. Soc. C.E. Note 


Te Curves Pequal devation are geen 20 Ret 
nce of level the dotled show in 
The in red in at 


: 
me versburg 
Riehmes 


« 


AN ENGINEERING PROBLEM AT RICHMOND, VA. 459 


E SHOWING SIZE OF VESSEL THAT CAN ENTER A DOCK OR 
CHANNEL OF GIVEN DEPTH (STEPHENSON). 


Tonnase. | Draught. Tonnage. Draught. Tonnage. Draught. | Tonnage. Draught. 


50 j 250 3.5 500 15.6 1,300 
300 600) 16.! 1,400 
70 350 5. 1.500 
9.: 400 15.8 800 1,600 
90 450 900 1s. 1,700 
100 1,000 19.6 1,800 
150 1,100 20.5 1,900 
200 9! | 1 1,200 20 2 000 


DOCKS IN THE PRINCIPAL CITIES OF ENGLAND, 


Ports. No. Area in Acres, 


London 

Liverpool 

Birkenhead 

Bristol 

Hull, exclusive of timber pounds 

jreat Grimsby. 

West Hartiepool, exe ‘Jusive of timber pounds 
Bartle 


COMPARISON OF DOCKS. 


Depth over sill 
Breadth. at High-water 


Springs. 


Length of 
Dock. 


Aberdeen (Victoria) 
Du’ lin (large dock) 
Cork 

Bristol (Cumberland) 
Plym uth 


swich .. 
ul Humber) 
Grea: Grimeby 
Goo| 
Goo). barge Jock) 
borough 


21.9 
22.6 
23.0 
23.4 
23.9 
24.3 
24.9 
38 206 
4 142 
4 79 
7 464 
3 
er 1 > 
2 41 
07 
| 
| Ft. In. Ft. In. | 
995 .. ee 
19 
165 .. 56 16 
150... 45 .. 16 6 
300... 
216 .. 58. 
72 6 19 6 
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TABLE SHOWING DIMENSIONS OF DIFFERENT DOCKS. 


CITIEs. Length. Breadth. 


Feet. Feet 
Sunderland..... 645 147 
Leith (East) 250 100 
Leith (Vietoria) 233 200 
Aberdeen 950 175 
Dublin (large) 217 100 
Galway 239 193 
Limerick 270 130 
Bristol (Cumberland) 245 90 
Piymouth .. 420 150 
270 7 
Swansea 760 80 
Great Grimsby 600 167 
Hull (Victoria). 480 126 
Goole (barge) 290 50 
Goole (ship) 234 67 
Goole (steamer) 120 164 
Middleborough 400 130 


In conclusion it need only be stated that if we enlarge the 
scope of the possible utilization of the water-power of the rivers 
within 20 miles of the city of Richmond, it will be found that 
this single district compares favorably in water frontage and 
power with many of the Northern States in their entirety, and it 
will strike engineers as peculiarly favorable that so certain a 
future, so grand a possibility as the unity of all interests, which 
shall eventually joi to make up an industrial centre at this 
locality, will be planned and executed from original premises, 
and not hampered by ill-advised attempts of a former genera- 
tion. 

What has here been said as regards the advantages of the 
river frontage on the west bank, specially reported on by Mr. 
Burgwyn within the past year, is applicable to the territory 
which borders on the east bank of the James, nearer to thie city. 

Taken as a whole, there is no grander basis for the exercise 
of talent and energy in development of natural resources thi: 
can here be found, and the general outlines are presented to the 
Society of Mechanical Engineers with the assurance that throug! 
them there will be such interest excited in the subject as will 
eventually lead to the solution of so gigantic a problem. 


During the years which shall come to us in celebrating tlic 
Columbian anniversary, there will be opportunities offered fo" 
presentation of the great engineering problems which are to | 
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solved in this country during the next fifty years, among them 
the one herein brought to notice of the Society for the first time. 
Whether the subject be taken up from the special commercial 
basis. as clearly shown, or on broader lines, which shall make 
the work a national one, no engineer, whatever his training, can 
look upon the virtually unoccupied territory, note the possibilities 
of a near future which shall see the vast agricultural and manu- 
facturing regions of the West and South brought into closer con- 
tact with this centrally land-locked sea-port city, without feel- 
ings of pride that so much, in a strictly engineering sense, has 
now to be accomplished, from original premises, with modern 
ideas, and with modern means at command. 
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XXV.* 
A UTH ORITIES ON THE STEAM-JACKET; FACTS, 
CURRENT OPINION. 
rs BY R. H. THURSTON, ITHACA, N. Y. 


27 thy es (Member of the Society, and Past President). 


J'ai déjd dit que les effets de Tenveloppe, ou chemise a vapeur de Watt, par er- 
emple, avaient alternativement ou niés sans que le public parvint a 
savoir d quoi sen tenir sur la réalité des choses."+—Hirn., 


THE discussion of a paper on the Compoun’! Engine, and es- 
pecially on the importance of the steam-jacket in that connec. 
tion,t and a somewhat extensive correspondence to which it in- 
cidentally gave rise, has revealed such unexpected differences 
of opinion as to the value of the jacket, and its relative efticien- 
cies under different circumstances in ordinary practice, that the 
writer has been led to make a somewhat extended examination 
of the authorities on this subject, so far as they exist, and to 
obtain from those who have had more extensive experience than 
himself their ideas of the character and extent of the benefit to 
be derived from its application under the usual conditions of 
steam-engine construction and operation. The result has been 
to throw some light on the subject, but yet to show such uncer- 


tainty and diversity of view where concordance was expected as 


to make it seem probable that a summary of current opinion 
might prove a very useful and instructive introduction to a more 
formal discussion of the philosophy of the steam-jacket ; in 
which discussion it may be endeavored to show that a correct 
theory of the action and effects of the jacket will probably very 
largely reconcile these apparently conflicting opinions by exhil- 
iting the fact that this accessory may, under different circun- 


* Presented at the Richmond meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XII. of the Transactions. 

+ Théorie Mécanique de la Chaleur, 876, vol. ii., p. 81. 

¢ Transactions American Society Mechanical Engineers, New York meeting, 
November, 1889 ; Zhe Philosophy of the Multiple-Cylinder Engine, No. CCCLA1I. 
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stances, prove a decided advantage, an unimportant appurte- 
nance of the engine, or even, under exceptional conditions, 
deleterious to efficiency. 
In the paper to which reference is here made, it was re- 
marked : 
“ Steam-jacketing is a common partial remedy for waste. By 
surrounding the steam-cylinder with the steam-jacket, it is pos- 


sible to produce, in part, the effect of superheating ; that is, to 
secure drier steam in the engine throughout the stroke. The 
amount of reévaporation during the period succeeding cut-off 
and up to the closure of the exhaust-valve, and the quantity of 
heat of which the cylinder is thus robbed, measures the amount 
of initial condensation and waste and fixes the weight of steam 


which must be supplied, in excess of the thermodynamic demand, 
to compensate that loss. The effect of the ad lition of a steam- 
jacket depends upon the conditions of operation of the engine, 
largely, and may be productive of marked advantage, or, under 
unfavorable conditions, of no important useful effect. 
High-speed engines derive less advantage from its application 
than slow-moving machines ; and compound or multi-cylinder 
engines are less dependent upon it for economy than are simple 
engines. The saving effected in ordinary cases,* by its use, may 
be taken as averaging about 20¢; and about the same gain is 
attained by effective superheating within the usually practicable 
range.” 

“ We are interested in the answer to the question: To what 
extent and in what manner is the jacket advantageous in the 
compound or multi-cylinder engine ? Authorities disagree, even 
where they have themselves had large practical experience. It 
is sometimes advised to jacket only the high-pressure cylinder, 
sometimes to jacket only the low-pressure cylinder ; and some- 
times to jacket the whole series, whether one, two, or three, or 
more. The philosophy of the multi-cylinder engine,as above 
outlined, would obviously indicate that, to secure maximum 
gool effect, assuming the jacket on the whole desirable at all, 
the best system is the latter; and that, since the waste of the 
engine is measured by the waste of its most wasteful mem- 
er, to omit the jacket from any one cylinder insures that the 
aguregate loss of heat in the whole engine will be increased ased_ by 


*In simple mill engines, is here understood, 
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just the amount by which waste is increased in that one cylinde: 


by such omission.” 


“ “Tt i is also seen that any conditions which may make it un- 


engine. As are increased, for 

the necessity of the jacket decreases, and the limit at which 

— it will pay to dispense with it is sooner reached in the multi- 

eylinder than in the single-cylinder engine. It is this prin- 

ciple which justifies the now not uncommon practice of omit- 

ting jackets from marine engines which are driven up to 

1,000 feet a minute; while pumping engines, in which the 

speed is always very low, must always be jacketed if high duty 
demanded.”’ 

In the discussion of these statements, questions arose as to 
the actual magnitude of the saving to be anticipated in the use 
of the jacket, and the correspondence which followed with some 

of the most successful and distinguished designers and builders 

in this country and in Earope revealed a wide difference of 

opinion and even of experience. This discussion and this un- 

certainty are by no means without precedent. The question of 

the desirability of jacketing began with the experience of Watt 
and his contemporaries, as will be seen from the evidence here 
collected. 

The history of the steam-jacket dates back to the time of that 
greatest of inventors of the last century, James Watt. It was 
one of the very earliest of his contrivances for the improvement 
of the efficiency of the engine. His patent of 1769 describes lis 
plan, and gives fully his theory of its action ; but he had already, 

pr years earlier, enunc iated the fundamental principle. 
~ Immediate ly after he had, by a careful and thoroughly scientitic 
elon sntal investigation, ‘discovered the causes of the enor- 
mous wastes of heat and of steam in the older Newcomen [n- 
gine, and had shown that they were mainly due to the introduce 
tion of the steam into the chilled interior of a cylinder which 
had, a moment before, been exposed to the action of the cold 
water used in the condensation of the preceding charge, he pro- 
_ posed the remedy in the obvious principle : inn 
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_ It is necessary to keep the cylinder “always as hot as the 
steam which enters it.’’* 

This he sought to do by the use of his greatest invention, the 
separate condenser ; but he then went further and enclosed the 
cylinder in an exterior vessel in which was confined steam at the 
pressure and temperature of the boiler. 

In describing the invention, as covered by his patent of 1769, 
he says: t 

“My method of lessening the consumption of steam consists 
in the following principles ° 

“(1) That the vessel in which the powers of steam are to be 
employed to work the engine—which is called the ‘ cylinder’ in 
common fire-engines, and which I call the ‘ steam-vessel ’—-must, 
during the whole time that the engine is at work, be kept as 
hot as the steam which enters it; first, by enclosing it in a 
‘ase of wood or any other materials that transmit heat slowly ; 
secondly, by surrounding it with steam or other heated 
bodies ; and, thirdly, by suffering neither water nor other 
substances colder than the steam to enter or touch it during 
that time.” 

He then goes on to enunciate other principles, and his now 
familiar method of accomplishing his objects. 

From that day to the present time, the steam-jacket has con- 
tinued in more or less general use on the more economical types 
of engine; and the Cornish engine, the modern representative of 
the first engine of James Watt, invariably exhibits its use, pre- 
cisely as first employed by the great engineer ; while the reason 
of its use has now become generally understood by well-read 
engineers. Writing eighty years after the above date, Daniel 
Kinnear Clark, the first among later writers to describe clearly 
an fully the methods of waste of heat in the heat engines, says : 
“To prevent entirely the condensation of steam worked expan- 
sively, the cylinder must not only be protected by a non-con- 
ductor ; it must be maintained, by independent external means, 


* Ilistory of the Growth of the Steam-engine, KR. H. Thurston, p. 87. N. Y., 
D. Appleton & Sons, 1878. 

+ loid., p. 99. A curious thought of Watt is expressed in the last of his stated 
“principles,” viz. :—‘‘Sixthly. ITintend, in some case, to apply a degree of 
cold jot capable of reducing the steam to water, but of contracting it consider- 
ably, so that the engines shall be worked by the alternate contraction and ex- 
pansion of the steam.” ae 
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at the initial temperature of the steam,” * thus paraphrasing 
Wat.’s earlier statement. 

‘he following quotations and abstracts of papers, collected by 
the writer, represent but a fraction of the material which he has 
gathered in the course of a very extensive correspondence ani 
research among files of periodicals and transactions of soc'eties. 
They will, however, give a fair idea of the character of evidence 
at present available on this subject. Should time and oppor- 
tunity permit, a later paper may be given in which the philos- 
ophy of the subject may be more systematically discussed. The 
appendix contains an enormously valuable collection of data re- 
ported by Mr. Donkin to a committee of the British Institution 
of Mechanical Engineers, appointed especially to study this sub- 
ject, and which is published most opportunely for our purpose. 

That Watt understood the phenomena of cylinder-wastes 
better than has been commonly supposed, and better than many 
later writers and practitioners, is evident from a perusal of some 
of his correspondence. Thus, he says, in a letter to Dr. Small 
in 1769: 

“T have misimproved the cylinder by making the bottom of 
east-iron,which . . . does not communicate heat fast enough 


to evaporate the water left in the cylinder the first stroke, with- 
— out being considerably cooled by it, and consequently conden- 


evaporation from the inside surface.” 

— > proceeded to correct these mistakes, and later, writing to 
Dr. Roebuck (1769), he explains his ideas more fully. He says: 
“ At first, when the cylinder is cold, there is a small quantity 
of water left in the cylinder. Immediately on producing the 
vacuum, the water is converted into steam, and thereby cools thie 
_ cylinder considerably. Now, if there is an external cylinder, and 
the bottom of the internal one is thin, the steam on the outside 
will warm it again instantly, and no steam will be condensed t!ie 

next time. (This was the case in my last model. )” 
Watt probably had not more definite ideas of the theory of 
the jacket ; but he was firmly convinced, by his own expericuce 
and by direct experiment, of its value. He usually adopted very 


* Railway Machinery. Vide, also, Development of the Philosophy of the 
Steam-engine, R. HW. Thurston; N. Y., J. Wiley & Sons, 1889, p. 83. 


/ 
{ 
» 
™ outer cylinder, which kept the inner one always surrounded by 
eteam readv to supply Any logs of heat that miolht hannen bv 
ae 


AUTHORITIFS ON THE STEAM-JACKET. 467 


low steam pressures, and a very small ratio of expansion, and 
these could not have been conditions very favorable to its effi- 
ciency ; yet he always employed it. It came into disuse later, 


except on Cornish engines, where, with steam at about 40 
pounds and expanding about four times, with a peculiar con- 
struction and movement of engine especially favorable to its 
action—the piston making its steam-stroke rapidly and halting 
for a time before change of motion—the usefulness of the device 
was easily seen, even under otherwise unfavorable conditions. 
But, as remarked by Mr. Isherwood, “ the fact that the economie 
efficiency of steam-jackets depended upon the regimen of the 
steam was not understood at that time; nor was any attempt 
made to ascertain why the jacket, with one type of engine and 
one regimen of steam, gave results differing from those given by 
another type of engine using another regimen of steam.”* 

About 1860, as stated by the same authority, economy of fuel 
became recognized as a controlling consideration in the British 
navy, and high expansion-ratios and steam-pressures, with jack- 
eting and superheating, came into vogue, and the value of the 
jacket became once more recognized. Superheating was given 
up in consequence of its injurious effect on the engine ; but 
jacketing engines remained standard practice at sea. Nearly all 
makers invariably use the jacket. 

Watt says of his attempt to dispense with the steam-jacket : 

“ When we tried to lay aside the jacket, we had no reason to 
applaud our economy; for the consumption of fuel was con- 
siderably greater.”’+ 

In 1830 Dr. Haycraft determined the quantity of steam passing 
through a steam-engine, using a surface condenser to effect its 
measurement, and found it to exceed by 30¢ the amount shown 
by the indicator at the point of cut-off. He attributed this 
excess wholly to “ priming” at the boiler, to which source it 
may probably have been in part correctly ascribed. 

Combes, in papers presented to and published by the Aca- 
démiv des Sciences, was probably the first to introduce into the 
theory of the steam-engine the consideration of that phenome- 
non discovered by Watt, to check the wasteful effects of which 
the latter invented the steam-jacket.} That author gradually 


* Correspondence. 
+Stuart’s Anecdotes of the Steam-engine, London, 1829, vol. i., p. 314. ; 
Comptes-rendus, 1843. 
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gave shape to his ideas, as time went on, publishing them in 
1845,* and, later, in 1863-67.+ He says in his first paper, just 
mentioned : “The utility of the jacket, or rather that of heating 
the cylinders of steam-engines from the outside, . . . is ren- 
dered unquestionable, both by direct experiment and by detailed 
observation of the phenomena characterizing the action of steam 
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in the cylinder, and the logical discussion of these observations.” 
“ Jackets have not for their main result the maintenance of the 
temperature of the steam during expansion; their use consists 
in the prevention of refrigeration of the walls of the cylinder 
while in communication with the condenser’’—probably the 
first exact statement of this effect ever printed.{ He even an- 
ticipates Rankine and Clausius in one of their most famous dis- 
coveries, saying: ‘ La vapeur d'eau, de saturation el en- 
tierement scche, se dilatait sans addition ni soustraction de chaleur; 


nous avons montré que Cexpansion est alors accompagnée Tune lique- 


faction partielle de vapeur, Crest a peu pres ainsi que les choses 
doivent se passer dans les machines & vapeur ordinaires.” He then 
goes on to describe very clearly the phenomenon of “ cylinder- 
condensation ;”’ but in his later works he seems to have paid 
less attention to this action, and may not have fully realized its 
importance ; but his conception of the processes involved 
such wastes, and in the preventive action of the jacket, was 
exact and well expressed. This is Carnot’s principle. 

In the once well-known experiments of M. Combes (1843) a 
Farcot engine was employed under a very light load and with a 
very high ratio of expansion —about twenty—the trials with and 
without steam in the jacket occupying three or four working 
days each. The result was a gain of 36.4% by the use of the 
jacket, the steam-consumption falling from 40.40 to 30.15 Ibs. 
per horse-power per hour.$ 

Mr. Crampton found a compound engine to give a gain of 30% 
in power under similar conditions. 

In a little book written by Mr. Gill, as early as 1844, we find 
avery good explanation of the theory of cylinder-wastes and the 
source of the economy produced by the jacket. He says: “Ii 


Traité d@’ Exploration des Mines. 
+ Principes de la Théorie Mécanique de la Chaleur. 
¢ Memoirs of 1843, p. 245. 
§ Cornut on Steam-jackets; translated by B. F. Isherwood, U.S.N. Engincer- 
ing and Mining Journal, Jan, 26, 1878. 
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the cylinder be supplied with dry steam, and no heat is dissi- 
pated by radiation, there will still be a loss of heat in the cylin- 
der occasioned by the sudden expansion of the steam when the 
communication with the condenser is opened.” . . . “As 
the heat for evaporation is furnished by the hot metal of the 
cylinder, piston, ete., such heat must be returned to them by the 
condensation of steam during the succeeding stroke, such con- 
densation and evaporation going on until an equilibrium is estab- 
lished.” He suggests superheating as the best remedy.* 

Mr. Isherwood calls the attention of the writer to the fact that 
as early as 1848, M. Farcot, of Paris, was building engines “ of 
admirable designs, with steam-jackets on both cylinders, boiler- 
pressure about 50 Ibs., and giving the indicated horse-power for 
from-17 to 1S lbs. of water per hour.” “ Fargot was a first-class 
engineer in every sense, scientific as well as mechanical. Few 
engineers as accomplished have ever lived. His designs were 
as remarkable for their elegance as for their propriety.” + 

Hirn published his = Mémoire sur U Utiliteé des Enveloppes a 
Topeur” in 1855.4 This memorable paper gives us the first pre- 
cise analysis of experiments showing the quantitative measures 
of the thermal action of the walls of the steam-cylinder. It pre- 
sents an exact and scientific treatment of the case, and gives in- 
disputable measures of the quantity of heat transferred to the 
metal, and restored to the steam when too late for transformation 
into its proportion of mechanical energy. In every experiment, 
Hirn measured the quantity of water entering the boiler and 
there converted into steam, and compared it with the quantity 
of steam found, at each step in the engine-cycle, in the cylinder. 
He even went so far as to determine, by the use of his calori- 
meter, the quality of the steam entering the engine, in order 
that his measures of that contained in the cylinder might not be 
rendered uncertain by the action known as priming or foaming 
at the boiler. He also, for the first time, determined the weight 
of water leaving the condenser, and its temperature, thus secur- 
ing the elements for the method of computation now known as 
that of Farey and Donkin. He proposed no theory, believing, 
as lie stated expressly, that, at the time, any formulation of a 
theory was impossible without further knowledge. 


* Improvements of the Steam-engine, Weale's paper, Jan., 1844. 
+ Correspondence. 


t Bulletin dela Société Industrielle de Mulhouse, t. xxvii. pp. 105-206. oe 
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Asa result of his first series of experiments he was able to 
say : “The influence of the steam-jacket is now clearly ex- 
plained: It consists in preventing the steam from partially 
condensing and thus lessening the pressure during expansion 
by that act itself. As the heat taken from the jacket is, as has 
been seen, a small fraction of the total heat expanded, the power 
so gained costs very little. Were any doubt now to exist on 
this point, the following facts would completely remove them : 

“(1) When the engine is working with the jacket in use, if we 
suddenly shut off the steam and take it directly to the cylinder, 
the engine continues to work as before for some time, as it 
nothing had happened. The indicator diagrams are precisely 
the same as before ; it is only after ten or twenty minutes that 
the power of the engine falls off 233%, in this case. It is thus 
evidently the heat in the walls of the cylinder, and not the 
simple drying of the steam, which gives us the economy of 


23! %. 


2) The jacket actually modifies very sensibly the temperature 

of the steam; for, while it is acting, the steam exhausted into 

the condenser is at 64°C., at a tens'on of 0.075"; while in the 

other case the temperature falls to 55°, although its tension rises 


. . 

Further on he says: “ Since it is the elevation of temperature of 
the walls of the cylinder, heated by the steam in the jacket, which 
is the cause of the improvement, it is not to be doubted for an 
instant that any means of securing such temperature will be 
equally effective and economical.” He then proposes the use of 
a smoke-jacket ; but he finds, on trial, that it is of little value, the 
heat being incapable of passing with sufficient rapidity from the 
gases in the jacket to the metal of the cylinder. 

Hirn, in this memoir, also expressly proposed the measure of 
the heat consumed by the engine as the true measure of its efli- 
ciency. 

In explaining “the utility of the steam-jacket, an appendage 
which, though it has always been found highly useful in prac- 
tice, has nearly with the same uniformity been pronounced use- 
less by writers on the steam-engine,’ Mr. J. G. Lawrie writes: 

“Each of these causes,” already described, “ produces a con- 
siderable quantity of water which, when the cylinder is unjack- 
eted, is passed, together with the heat which it contains, to the 
condenser; while in a jacketed cylinder the water is produced, 
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not in the cylinder, but in the jacket, and being passed, not to 
the condenser, but to the boiler, is economized.” * 


Mr. John Penn, as the outcome of long experience and many 


experiments, concludes that, “The plan of superheating the 
steam before entering the cylinder is a simple and eligible mode 
of attaining the desired object, and appears to be preferable to 
a steam-jacket.”+ He found a gain of fuel economy of “ from 
20% to 30% in marine engines,” with moderate superheating, and 
believes it possible, in large engines, to thus secure dry steam 
throughout the stroke. 

Mr. Cowper found that in an unjacketed engine the initial 
condensation amounted to from 12° to 445° with varying 
expansion, while, “when the cylinder had a steam-jacket sup- 
plied directly from the boiler, he found the actual indicator 
figure almost exactly corresponded with the theoretical figure.” 
He thought it possible to practically suppress cylinder conden- 
sation. 

The writer was engaged at about this time on designs for a 
pair of simple Greene engines, guaranteed by their builders, 
Thurston, Gardner & Co., to supply 1,000 H. P. on less than 
2,000 Ibs. of coal per hour, gross. The engines were built from 
Mr. Leavitt’s specifications, and were steam-jacketed; steam 
at about 110 ]bs. in the boiler, condensing, and had a ratio of ex- 
pansion of about !0. ‘They gave on trial a figure better than 
guaranteed, 1.89 lbs., and 20% better than it was then considered, 
without jacketing, ordinarily safe to expect. 

Rankine, in 1858, among the several methods of securing 
superheat in working steam, mentions “superheating by the 
steam-jacket,” and says that it ‘‘ takes place when the steam- 
jacket communicates more heat to the expanding steam in the 
cylinder than is necessary merely to prevent any of it from con- 
densing. It does not appear that this kind of superheating 
can be made the subject of a definite caleulation.”$ He recog- 
nizes clearly even at that early date that “the principal effect 
of the ‘jacket,’ or annular casing enveloping the cylinder, filled 
with hot steam from the boiler, which was one of the inventions 
of Watt, is to prevent that liquefaction of the steam in the cylin- 


* The Engineer, London, Sept. 3, 1858, p. 169. 
+ Proc. Inst. M. E., 1859, p. 197. 

t Proc. Inst. M. E., 1859, p. 204. 

§ Steam Engine, § 295, p. 429. 


7 


AUTHORITIES ON THE STEAM-JACKET, 


der,” referring, however, solely to the condensation of steam 
doing work.* He further says: “ Accordingly, in all cases in 
which steam is expanded to more than three or four times its 
initial volume, it has in practice been found advantageous to en- 
velop the cylinder in a steam-jacket.”’ + 

Rankine states that “in a few examples in which the small 
cylinder alone is jacketed, the liquefaction is found to be pre- 
vented.” | Hirn confirmed this view, at least as regards effec- 
tive jacketing, by his experiments with a glass steam-cylinder, 
in which the vapor became misty when unjacketed, but re- 
mained constantly clear when the jacket was in use. 


Professor Rankine, discussing Isherwood’s famous experi- 


ments on the United States steamship Michigan, compares the 
products of area of surface into point of cut-off into time of action 
of the entering steam, with the quantities admitted, without 
definite result, but gives a correct explanation of the process ot 
condensation. He, however, still attributes the initiation of 
the process to the quantities of steam condensed in consequence, 
of heat transformation during the expansion of the preceding 
stroke, a quantity which he shows to be “exceedingly small.” s 
He states the supply of external heat needed to prevent initial 
condensation may be obtained “either by means of a steam- 
jacket, or of a flue, or by superheating the steam which is 
admitted.” 

Rankine’s last conclusion in this matter was that by the use 
of a jacket or other expedient it is possible “to diminish the 
loss of efficiency arising from the conducting power of the cylin- 
der and piston until it becomes unimportant.” | He refers to a 
form of compound engine which he asserts to be “ defective 
through the absence of steam-jackets, which are now known to 
be essential to the realizing of the economy properly due to 
high rates of expansion,” and states that the history of the 
marine engine had shown “that the abandonment of the steam- 
jacket in the practice of all marine engineers had made it useless, 
if not wasteful, to employ those high rates of expansion to 
which the compound engine is suited.” He says that Mr. 


* Steam Engine, § 286, p. 

+ Ibid., p. 396. 

tIbid., § 286, p. 396. 

§ Inst. of Engineers of Scotlard, February 5, 1862. 
| Life of John Elder, p. 17. 
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Elder knew that the true remedy was “resuming the use of the 
steam-jacket.” 

Hirn states that thirty years before the date of his work * 
Combes had noted a gain of about 20% by the use of the 
jacket on the engines of that time. His own investigations 
began in 1854, and were promptly directed toward the solu- 
tion of this interesting problem. [le at once recognized the 
fact that the office of the jacket was not simply to check external 
radiation from the working cylinder, since its enlarged surface 
must inevitably exaggerate that waste. He found that the 
jacket produced a decided modification of the expansion line on 
the indicator diagram, proving the fact of transmission of heat 
into the mass of working steam, and a change in the law of 
change of pressure with variation of volume ; producing thus a 
higher mean pressure end an increased quantity of work per- 
formed after cut-off. + 

M. Hirn compares the performance of two simple engines, 
which, as he states, were in all respects precisely alike in dimen- 
sions, speed, cut-off, pressure, ete., and only differed in the fact 
that one was fitted with a jacket, while the other was not. 
The result was the production of the horse-power on an expendi- 
ture of, respectively, 10.5728, and 8.0617 of fuel per hour; 
or a gain of 24% for equal work done. The gain was found, not 
in the actual diminution of the quantity of fuel and of steam 
consumed, but in an augmentation of the amount of work done 
by the engine. 

He indicates that superheating is a more efficient method of 
reducing cylinder-wastes than is the use of the steam-jacket ; 
which is not only itself a waste, but is usually inapplicable at 
all to the surfaces of the piston. 

Hirn at once saw that he must make a detailed study of the 
action of the interior surface of the cylinder, the piston, and its 
rod, both when with and when without a jacket. In his suc- 
ceeding work, in which he was aided by Messrs. Leloutre and 
Hallauer, he made his experimental investigation of the matter 
and published his results in his work of 1865-1870, indicating 
very exactly and clearly what were the actions and effects in 
detail of the phenomena, which had been, till then, apparently 

* Théorie Mécanique de la Chaleur, 1876, vol. ii., p. 17. 
+ Trans. de la Soe. Indust. de Mulhouse, April 25, 1855.2 
t Thermodynamique, vol, ii., p. 39. oe 
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only studied by Watt and Smeaton, and by Clark. It was then 
that he promulgated the statements which led to the now well- 
known discussion with Zeuner, asserting on his side that 

(1) An error of 30 to 60% may arise from the treatment of the 
ideal, thermo-dynamic case, without reference to the wastes dis- 
tinguishing the real engine. 

(2) That a sensible error may be thus produced in computing 
the work of expansion, after cut-off, if adiabatic expansion be 
assumed. 

(3) That a still greater error may arise if no account is taken 
of the waste produced by neat taken up by the exhaust steam. 

In the case of a Woolf engine, working with and without its 
jacket in operation, the work in the small cylinder remained 
substantially unchanged; but the work of expansion in the 
large cylinder was increased by the action of the jacket 59. 
The jacket condensation amounts to 10/, and the weight of 
dry steam in the cylinder at the end of expansion is greater 
than at the close of the period of admission. He therefore con- 
cludes : 

(L) There is a capital difference between the thermal phenom- 
ena characterizing the two types of engine. In the simple en- 
gine, the cylinder walls always yield heat to the steam during 
expansion, though the amount is less when the jacket is working 
than when shut off. Im the Woolf engine, the surfaces of the 
cylinder take heat from the steam, even during the expansion, 
and lose it again during the exhaust. 

(2) With the simple engine the walls of the cylinder give to 
the steam the same amount of heat with as without the jacket; 
but in the former case the heat is given up during the expan- 
sion, and thus, without cost, adds considerably to the amount of 
work done; while, without the jacket, this heat is all lost by 
being thrown into the condenser without doing any work, use- 
lessly evaporating the condensed water, mainly after the exhaust 
valve has opened. 

Hirn says: * “The method of action of the steam-jacket, s)e- 
cifically, is now manifest. Whether the jacket is in action or 
not, a portion of the steam, always considerable, is condensed 
during admission and yields heat to the walls of the cylinder. 
This heat is then employed: (1) during the expansion; (2) (uw- 
ing the period of condensation. But when the jacket is in 


* Théorie Mécanique de la Chaleur, 1876, vol. ii., p, 44. | 
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action, the greater part of this heat is devoted to the increase of 
the work of expansion; when the jacket is shut off, the major 
part of this heat, on the contrary, is expended in the period of 
condensation, a pure loss. The remarkable fact is that this re- 
versal of the proportion of heat utilized and wasted depends 
only upon the very small quantity of heat supplied by the jacket 
itself.” 

In practice the commercial efficiency of steam-engines is gen- 
erally measured by the consumption of coal per L.H.P per hour, 
but this is not a good standard for comparison of different ex- 
periments, as the calorific power of coal varies according to its 
quality. A more scientific standard is formed by taking the 
weight of dry saturated steam used per indicated horse-power, 
or per effective horse-power, per hour. The following results 
of experiments by M. Hallauer are ‘all reduced to those 
standards : 


ENGINES WITH TWO CYLINDERS. 


Consump- Consump- 
Ratio of | tion in 

Expansion. Kik er Kilos per 
E.ILP. 


| 
| 


(1) Beam Engine, Jacketed 
Do. Do. 

(2) Horizontal Engine, ‘ Do. 

(8) Vertical Engine, . Do. 


ENGINES WITH ONE CYLINDER. 


(4) Corliss’ Horizontal Engine. Jacketed — | 
(5) Hirn’s Beam Engine, Non-jack- 
Superheated Steam at eted. 
temp. 200° C, 


These results, according to Hallauer, show that superheated 
steam is more economical than saturated; in the second place 
that simple engines can be designed which are as economical in 
the steam used per I.H.P. per hour as well designed compound 
engines, 

M. Hirn thus reports the effects of the different methods of 
reducing the loss due the action of the sides of the cylinders : 


(1) Simple engine, without steam-jacket fee 9s Loss, 33 per cent. 
sume engine with steam-jacket 
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—@ Compound engine, two cylinders, without jackets . Loss, 26 per cent. 
(8) Simple engine, without steam-jacket + 
Same engine, without steam-jacket, but with steam super- 
heated 86°C... 12 


M. Hirn thus reports the economy arising from the use of 
superheated steam as compared with saturated steam in the 
same engine : 

(4) A compound engine working with superheated steam at a temperature of 
210° C., an economy of 
) An engine with one cylinder, working with superheated steam at 22) 
economy of 31% 
(6) The same engine, with steam at 245° C., an economy of 47%. 


7 Herr Heim reports to the German Society of Engineers the 
results of expe riments to determine the economy to be derived 


engine. He finds th: at SIX horse: power able engine, unjack- 
eted, demanded an excess of 35¢ over the theoretical quantity 
of steam which should have ai required to do the work ; an 
eighteen-inch Wheelock engine required the same excess over the 

calculated quantity. Both were non-condensing. Condensing- 
- engines experience a still greater loss due to internal “ cylinder 
condensation.” Engines expanding ten times demand 74. ex- 
cess; when cutting off at one-fifth, 62°, and expanding three 
times, 55% more than the calculated amount when they are un- 
jacketed. By adding a jacket, he coneludes that the loss can be 
reduced to 64, 54, and 487%. The effect of increase of piston 
speed is similar to that of adding a jacket. An engine at tliree 
feet, and at seven feet piston speed per second, gave a record of 
loss amounting to 96 and to 70%. The addition of the condenser 
“causes increase of this loss. A twenty-inch non-condensing 
engine, working at five atmospheres pressure, was provided with 


4 condenser, and, while the power was increased 1407, the waste 
was increased from 42 to 627%. A hoisting-engine, wotking inter: 
mittently, exhibited a loss of 142%. 

_ M. Hallauer considers that the jacket may aid efficiently in 


securing in the simple engine that high efliciency ordinarily 
found to be attainable only by compounding. He says :* 
“Tl est possible de construire une machine verticale 4 balan 


— 


* Moteurs d Vapeur, Trans. Soc. ‘Ind, - Mulhouse, Jem 30, 1878. 


ge 


cier, J un seul cylindre et quatre tiroirs, i enveloppe de vapeur, 
aussi économique au moins que le systeme Woolf pour l'emploi 
de la vapeur saturce.” 

He considers that the same engine supplied with steam super- 
heated to 220 C. (428° Fahr.) would unquestionably give the 
same amount of work with a gain of 5 to 107%; since, as he 
asserts, without the jacket superheating gives it an advantage 
over the Woolf type of 14.5% nearly, in indicated power. He 
considers that the application of the steam-jacket to the Hirn 
simple engine, with saturated steam, gives at once a gain of 
at least 10%, placing it directly on a level with the Woolf 
compound, the ratio of expansion ranging between 5 and 7, 
and may even excel the latter, if condensing. The speed of this 
engine varied between twenty-five and seventy-five revolutions 
per minute. 

M. Labouchére asserts: “L’utilité des enveloppes & vapeur & 
dctente est parfaitement constaté aujourd'hui, et €conomies de 
20 et 25 pour 100 resultent, le plus souvent, de leur emploi dans 
les machines ot la détente de la vapeur est portce 4 trois ou 
quatre fois le volume primitif.” * 

Mr. L. E. Fletcher, in one of his annual reports, remarks: “I 
have been induced to confine my remarks to the use of steam- 
jackets and superheating, since I consider their general adop- 
tion by members the most important step they can take at 
present in the economic use of steam.”’ + 


Mr. D. K. Clark, the veteran engineer and pioneer in the sys- 


tematic investigation of these wastes, says : 

“By the application of a jacket of steam from the boiler to 
the cylinder, a material increase in the efficiency of the steam 
has been, in most circumstances, effected. But it is incontest- 
able that the steam-jacket, though it diminishes, does not wholly 
prevent initial condensation of the steam admitted.” 

That by effective external protection and heating of the cylin- 
der —such as sometimes occurs, for example, in inside cylinders 
of locomotives which are immersed in the smoke-box—cylinder 
conlensation can sometimes be wholly prevented, is indicated 
by experiments reported by Mr. Clark on the “ Great Britain.” 
He found that, in that engine, the steam, instead of becoming 


* Labouchére, Machine d Vapeur, §2, p. 22. 
+ lead to Manchester Association for Prevention of Steam-boiler Explosions, 
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surcharged with a large accession of moisture, was actually 
dried and somewhat superheated.* 

Mr. Clark, from a study of available data to date (1877), con- 
cludes : 

“For the development of the highest efficiencies of steam, as 
used in the steam-engine, the steam-jacket, or other means for 


protecting the steam from the cooling and condensing action oj 
the cylinder, must be employed. The superheating of steam 
prior to its introduction into the cylinder is probably the most 
efficient means that may be employed for this purpose. The 


application to the cylinder of hot gases—hotter than the steam 
—is probably the next best means; and the next course the 
steam-jacket.”’+ 

The following table is given by Clark as representative of 
fair average practice up to the date of writing (1877), and in- 
dicates his judgment to be that the jacket, in these typical cases, 
may be expected ordinarily to afford a gain of about 15° in 
the simple and 10 or 12% in the compound engine. 


Steam, pounds 
Engine. per I. H. P. 
per hour. 


Simple ; condensing ; jacketed. 19-20 
¢ non-condensing ; jacketed ; steam 70 Ibs... .| 24 
condensing ; unjacketed ... ..|34 24 
steam superheated............ 24 
si non-condensing ; unjacketed ; steam 90 Ibs. 
acs cylinder well protected and heated 
Compound ; condensing ; jacketed. 
Receiver 
Woolf 
Compound ; condensing ; unjacketed. 
Receiver 


Woolf 


Mr. Clark concludes, after a discussion of Emery’s experi- 
ments on the U.S. R. M. steamers, that :§ 


“For the single cylinder the use of the steam-jacket makes a 
great increase of efficiency in reducing the consumption of steam 
per horse-power, as against the absence of steam from the jacket. 
There is also a gain of efficiency by the same means with the 


* Railway Machinery, 1856 ; Manual for Mechanical Engineers, 1877, p. >53 
+ Manual, p. 888. 

+ Manual, pp. 889-890. 

§ The Steam Engine, vol. i., p. 
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compound cylinders ; and in both eases the gain increases as the 
ratio of expansion is increased. But the gain is much less for 
the compound cylinders than for the single cylinder—an unex- 
pected comparative result, which is due to the fact that the range 
of pressure and temperature is less in each of the compounded 
eylinders, between which it is distributed, and which are com- 
pletely isolated from each other, than in the single cylinder.” 

Clark also concludes. after a comparison of jacketed and un- 
jacketed cylinders, both on long and on short-stroke simple en- 
gines,* that the evidence so gathered “ proves what-has long 
been acknowledged—the economical advantage of superheating 
the steam ; and, more remarkably, the striking disadvantage of 
short-stroke versus long-stroke cylinders.” . . . “The relatively 
large absorbing surfaces of the covers and the piston of short- 
stroke engines are disturbing influences which affect the opera- 
tion of the steam in the cylinder to a greater extent, proportion- 
ally, than in long-stroke cylinders.” He also adds, later: + 

“Large second cylinders proportionally to first cylinders, in 
the ratio of 4 or 43 to 1, may be employed with economy when 
the cylinders are thoroughly steam-jacketed ; but they are un- 
favorable to economy when the cylinders are only partly, or not 
at all, steam-jacketed.” 

Mr. Isherwood considers the steam-jacket to be “ of real eco- 
nomic value; but in degree very variable.” | He concludes from 
his experiments and observation that “when steam is used with- 
out expansion, the value of the jacket is a minimum, and is abso- 
lately small for eylinders of medium and large size ; though 
considerable for small engines. When considerable expansion 
is practised the efficiency is greater with greater ratios of expan- 
sion, with increasing initial pressure of steam, and decreased 
speed of rotation, with large quantities of water in the enter- 
ing steam, and the smaller the relative area of steam-ports. It 
is less as size of engine increases, and as superheating is made 
more effective, becoming zero when all initial condensation is 
thus checked.” 

With steam in the jacket direct from the boiler,$ he considers 
the value of the jacket to increase with the extent to which com- 


* Steam Engine, vol.i., p. 577. 

Ibid., 581, 

Correspondence. 

§ This is, of course, not always practicable, with high pressures, for the large 


cylinders, 
% Sg. 


480 AUTHORITIES ON THE STEAM-JACKET. _ 


pounding is carried, and would apply the jacket to all the cyl- 
inders, but thinks its value greatest on the low-pressure and 
least on the high-pressure cylinder. 

He finds the gain by its use, under the conditions of ordin- 
ary practice, as a general average, to be about 20% on small 
and 8 or 9¢ on large engines, varying through intermediate 


values with intermediate sizes, it being understood that the 
jacket has an effective circulation, and that both heads and 
sides are jacketed. Effective clothing of the engine-cylinder 


with non-conductors may slightly reduce the necessity of jack- 
eting. 

Mr. Isherwood finds, as a rule, in his experience that about 
one-half the condensed steam in the jacket usually comes of 
heat-transfers to and from the metal of the eylinder. He thinks 
it possible entirely to prevent this loss by simply adopting the 
principle, first enunciated by James Watt, of “ keeping thre cylin- 
der as hot as the steam which enters it.” * 

According to Ledieu: “A non-conducting covering is olbvi- 
ously indispensable from every point of view, and its employment 
cannot be too fully reeommended. But it is not so with steam- 
jackets, the utility of which is sometimes contested. In fact, 
experiment sometimes indicates an economy by their use of 1!) 
to 12¢, while in other cases the benefit is inappreciable 
Steam-jackets are now usually formed of sheets of iron, which 
envelope the cylinder, leaving an interspace. They have also 
begun at Creusot to employ a second cylinder of cas? iron around 
the real steam-cylinder. In all cases the steam which is taken 
into the valve chest flows through the jacket, entering the latter 
by a small pipe furnished with a cock. Often, too, the steam is 
carried into the cylinder head and cylinder bottom. There is 
also always at the lowest part of the jacket a cock which serves 
to draw off the water of condensation, produced by the passage 
of heat into the cylinder. This cock or valve should be so set 
that it will allow the water formed to flow away, but none of the 
steam.” 

“In old engines steam-jackets may be found cast with the 
‘steam-cylinder, and into which the steam from the boiler enters 
on its way to the valve chest. This arrangement has been long 
since abandoned. For, in the first place, there are serious ‘iffi- 

i? culties in casting the jacket and cylinder in one piece; in the 
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second place the steam is only distributed by the valve after it 
has been cooled to some extent by its passage around the cylin- 
der. Such cooling is incompatible with the best utilization of 
the fluid.” * 

In comment on the above it may be suggested that the 
length and proportions of the cylinder will probably be found to 
modify the result. Little, if any, trouble is met with in engines 
of short stroke in consequence of variation of expansion and 
contraction, unless through gross carelessness in management. 

Ledieu would always use the steam-jacket, even on the high- 
pressure cylinder of the compound engine, but would prescribe 
that it be assured a correct construction and efficient action. 
He would use it in combination with both compounding and 
superheating, and thinks that it is easy now to understand how, 
by the combination of these expedients, “economies of 40%” 
may sometimes be attained. He would be especially careful, 
in the multiple-cylinder engine, to properly adjust the ratios 
of expansion for each cylinder ; otherwise the jackets may fail to 
yield a satisfactory gain in economy.t 

Ledieu asserts that the recent developments respecting the 
action of the steam-jacket afford a complete explanation of 
“economies of fuel of 15 to 25¢ of the anterior expense which 
the experiments of later years accord, incontestably, to-day, to 
the use of steam-jackets applied to high-pressure engines, at 
large ratios of expansion and under good conditions of opera- 


tion.” 


He goes on to say that the jacket may cease to be useful when 
it is incapable of supplying heat enough to prevent the cylinder- 
wastes becoming equally great as without it, as may be the fact 
when it fails to secure a dry cylinder at the close of the exhaust 
period. Indeed, it may then become even detrimental, since this 
waste may then become even greater during the exhaust than 
when no jacket is attached to produce accelerated evaporation of 
existing moisture and rejection of such excess of heat into the 
condenser. 

Mr. B. W. Farey, in 1874, gave data which he considered “ con- 
clusive ” as to the value of the steam-jacket on such an engine as 
he then referred to, a compound engine of small power, thus : 


* La Machine d Vapeur, Ledieu, vol. ii., pp. 72-73. 


+ Ibid., p. 416. | 
Machines d Vapeur, 1882, p.405. 
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With jacket. Withont. 


Fuel per L. H. P. per hour 2.6 Ibs. 8.8 Ibs. 


= 


1 This gain of 30% was obtained, as he states, with the same 
_ steam pressure, the same vacuum, and the same speed ; but he 
developed less power without the jacket. This may probably 
_ have somewhat exaggerated the apparent gain. * 
The same writer, later, says that the results of his experience, 
_ generally, on compound engines, with and without jacket, indi- 
cate “a saving to 23 to 25%” by its use.t Messrs. Farey and 
‘Donkin give for the case of a compound engine, with steam at 
45 Ibs. by gauge, and a ratio of expansion of 9, a water-rate of 
24) Ibs. with and 30} lbs. without the jacket ; and a correspondent 
of the same journal found the fuel account to be raised ‘14 to 
20 ewt. per day by the shutting off of the jacket.” + 
Still other testimony is given by other correspondents to the 
_ effect that a marine compound engine, built by Messrs. R. Napier 
; and Sons, dropped off from 63 to 58 revolutions per minute when 
the jackets were shut off; also, “when once an energetic en- 
_ gineer finds that a steam-jacket gains him five or six revolutions 
per minute, you may feel assured that he will keep them on; 
and, last but not least, the owner gains 12 or !13¢ by the mere 
fact of the engineer doing his duty.” § The same writer asserts: 
“Trials conducted under my charge showed as much as 15; 
gain in marine engine practice.” | 
Turnbull thinks the steam-jacket more effective in the com- 
pound than in the simple engine, and attributes to this cause a 


- part of the economical advantage observed in the employment 
_ of the former. He states that, “as the variation of temperature 
7 is much greater in the single cylinder than in either of the cyl- 
_ inders of a compound engine, the heat from the steam-jacket 

- must pass through the metal with great rapidity to replace that 
wasted by condensation, and this it cannot do so effectively as 
when the temperatures are not so widely varied ; and this is one 
of the great advantages possessed by the compound or double- 

cylinder engine.” 


* Lond. Engr., May 15, 1874, p. 352. 
+ Ibid., June 5, 1874, p. 409. 
tIbid., August 29, 1874, p. 389. 


SIbid., April 10, 1874, p. 257. abs 
| Ibid., May 8, 1874, p. 339. 
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It is said by Mr. Salter that the steam-jacket “ was originally 
applied to the body of the cylinder only; then to the end and 
cover, and finally some engineers have admitted steam to the 
piston. This is, of course, expensive ; but it no doubt tends to 
economy, appreciably where the surfaces are large.”* 

Professor Trowbridge says: “It may be stated, as a general 
conclusion, that the use of a steam-jacket with a single cylinder 
under ordinary circumstances results in an important saving of 
fuel, especially for high degrees of expansion ; that in the com- 
pound engine, with the large cylinder jacketed, there is a say- 
ing in economy over a single cylinder, jacketed, even with the 
same pressure and degrees of expansion in both.’’+ 

Mr. G. B. Dixwell thinks that “ Mr. Emery’s experiments go 
to show that the steam-jacket does but very little toward sup- 
pressing cylinder condensation in the large cylinders of com- 
pound engines, or in the single cylinders of other engines.” } On 
the other hand, the Messrs. Perkins account for an apparent 
discrepancy of over 35% in the performance of their steamer 
Anthracite, at boiler pressures approximating 400 lbs. per square 
inch, in a triple-expansion engine, or between 17.8 and 21.6 Ibs. 
of water per horse-power per hour, mainly by “the steam-jackets 
being improperly worked.” § 

Mr. Emery, in his own discussion of the value of the steam- 
jacket, as deduced from his work on the revenue steamers, con- 
cludes : | 

The “saving by the use of a steam-jacket on a single-cylinder 
engine worked at its most economical point of cut-off” was 
11.78%. “With more expansion .. . . the jacket produces a 
greater saving.” The saving due to a jacket on the large cylin- 
der of a compound engine was “ shown to be 11.72%. He finds 
that, in the cases reported on, “the steam-jacket on the smaller 
or high-pressure cylinder of the compound engine, working with 


the ordinary degree of expansion, was, contrary to the views of 

Rankine on the subject,{ of comparatively little value.” 
ExperMnenting: with a compound engine with and without 

steam in in its jackets, the pressure being about 100 lbs., the 


* Economy in the Use of Steam, p. 36. 


+ Johnson's Cyclopedia, vol. iv., p. 524. o? 
t Monograph On Cylinder Condensation, p. 27. ub 
Sir Frederick Bramwell’s Report. 
Steam Engine, § 286. 
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same conditions being otherwise maintained as nearly as pos- 
sible, M. Cornut found that shutting off the jackets produced a 
very sensible reduction of initial pressure in the small, and of 
work in the large cylinder, increased the loss of pressure be- 
tween the two cylinders, and reduced economy.* 

Similarly testing a pair of Corliss engines, he obtained the 
indicated horse-power on an expenditure of 25.5 with the jackets 
in use and of 31.56 without, a gain of 19.1% by the use of the 
jacket. He concludes that, with ratios of expansion of 6 to 10, 
a good jacket should give an economy of 15 to 20%. 

Professor Cotterill says: “Experience shows that a steam- 
jacket is advantageous; and the reason why it is so has been 
pointed out,” . . . “but the amount to be gained will vary 
according to circumstances. In many cases it may be that the 
advantage is small."+ “Great caution is necessary in drawing 
conclusions from any special set of experiments on the influence 
of jacketing.” 

Seaton only claims for the jacket that it affords a means of 
“warming up” the engine before starting. He refers to the 
compound engine.$ 

Sennett asserts that “it has been abundantly proved, both by 
experiment and by actual experience, that steam-jackets are not 
only advisable, but absolutely necessary, in order that high rates 
of expansion may be efficiently carried out and the greatest possi- 
ble economy of heat attained ;”) “the economy derived from its use 
is so decided as to be beyond the region of doubt." He thinks 
its value practically greater on the sides than on the heads.** 

A correspondent of one of the technical journals remarks: 
“A large proportion of the steam-jackets in use are steam-jack- 
ets only in name, owing to the accumulation of water or of air, 
or both, in them, arising from the careless manner in which 
they have been made, or laziness on the part of the attend- 
ant,’++ and a number of cases have been reported in which they 
have been actually shut off, and allowed thus to fill, by the at- 
tendants to “keep the engine room cooler.” {{ A jatket thus 


* and Mining Journal, Jan. 26,1878. 
+ The Steam Engine, etc., p. 266. “a we 
t The Steam Engine, ete , p. 267. 
§ Manual of Marine Engineering, p. 122. 
| The Marine Steam Engine, p. 185. 9 P. 187. ## P, 188. 
t+ London Engineer, Sept. 28, 1877, p.245. 
tt Ibid., April 10, 1874. 
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treated becomes worse than useless. Instead of warming the 
cylinder at the critical periods, it may act as a refrigerator by 
enclosing a large mass of comparativ ely cold water. 

Mr. E. D. Leavitt has expressed the opinion that, in his prac- 
tice, steam-jackets produce an increase of efficiency of from 15 
to 20¢.* 


Mr. Longridge reports substantially as good work, in the case 
of a very economical compound engine at Heyworth, without as 
with the jackets in operation. In fact, he obtained a trifle better 

work without, the water-rate being given by him as 16.9 and 
16.8, respectively, and at ratios of expansion varying from 8 to 
11. He thinks that if a jacket is used at all it should be on the 
high-pressure cylinder.t 


The practical objection to the use of the steam-jacket, 

many cases, even when of admitted efficiency, is illustrated aye 
remark in Engineering, referring to the re oie of an engine trial: 
“A steam-jacket would have prevented the large condensation 
‘during admission and thus reduced the exhaust and expansion 
waste. When designing the engine, it was determined not to 
use the steam-jacket, some doubt being felt as to probable 
trouble and loss from leakage.”{ The designer usually looks 
upon this as a really serious matter and a strong objection to the 
use of the jacket. Nevertheless, it is a diffic ulty which it is pos- 
sible, bie tl to meet satisfactorily. 

“'The economy which follows the application of the steam- 
jacket is very variable, according to the type and condition of 
installation of the engine. Experience has demonstrated that it 
is especially useful in ‘ Woolf engines,’ having two cylinders, in 
which it considerably increases the work of expansion. We 
believe that the steam-jacket will be found the more efficacious 
as the stroke of piston is the greater in proportion to its diam- 
eter, and as the expansion is carried further. Its use is indis- 
pensable in condensing engines. If superheated steam is em- 
ploved, it should be led to the jacket through a special supply 
pipe. The economy varies, as already stated, between wide lim- 
its, and fluetuates between 10 and 25¢."§ 


Mr. Horace See, who has had a very y extended experience in 


“Trans. Am. Soe. Mech. Engrs., 1880, vol. i. " Discussion of Mr, Hoadley’s 
paper, p. 36. 

+ London Eng’g, March 10, 1882, pp. 220-266. 

{London Eng’g, November 24, 1882, p. 495. 

§ Rove Industrielle, January 9, 1884. 


designing and constructing large marine engines, does not fee] 
inclined to expect much from their use. He says: “It is not, 
therefore, only to the use of steam higher in pressure, or in such 
complications as steam-jackets, that we must look for economy, 
but in the employment of an engine with a degree of efficiency 
proportionate to the increase of pressure where the range of ex- 
pansion and temperature in each cylinder during one stroke is 
limited by the division of the work between two or more cyl- 
inders.”’* 

M. Schneider, of Creusot, made numerous experiments, ex- 
tending over a period of six months, upon a Corliss engine, at 
the Creusot works, the results of which were reported by M. 
Delafond in the following year.t In these experiments careful 
examination was made of the disputed useful effect of the steam- 
jacket, with what M. Delafond considers satisfactory results. 
The jacket covered the cylindrical portion of the engine only. 

The results of these elaborate and carefully conducted investi 
gations, so far as they relate to the steam-jacket, are the follow- 
ing : 


“The jacket reduces the expenditure the more at equal ratios 
of expansion, as the pressure is higher; its effect, important at 


7.75 atmospheres, with condensation, becomes very slight at 2.5. 

“The economy due to the jacket is the less at the same press- 
ure as the effective power is the greater—i.e., as the expansion 
is less. 

“It is found advantageous to employ in the jacket steam of 
higher temperature than that in the engine cylinder.” 

In this latter case, the gain was between 5 and 6 only, 

With Jacket. Without. 


4*.15 3* .79 


10*.00 10*.55 


The boiler and jacket pressures were about 7 atmospheres (7°). 
The gain by the jacket in these experiments was usually not 
far from 15 or 20% under ordinary conditions of operation. 
* “ Utilizing Steam of High Pressures.” Proc. Eng’rs’ Club of Philadey/ia, 
June 21, 1884. . 
+‘ Essais effectués sur une machine Corliss.” Annales des Mines, September, 


October, 1884. 


486 AUTHORITIES ON THE STEAM-JACKET. 
ressure, Imitial...... 
at cut-off... 


M. Borodin, in his extended and valuable investigations of 
jacket-action on locomotives, adopted Hirn’s system of test and 
computation as far as practicable.* All his experiments on the 
common type of engine exhibit economy due to the use of the 
jacket, amounting to 12¢ with a ratio of expansion of 3.33, and of 
16% at ratios of expansion approximating 5.+ 
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The effect of the steam-jacket was clearly seen in these cases 
to decrease initial condensation; to decrease reévaporation, 
usually, during expansion, to increase the mean pressure. In 
one case the engine gained 147, through a decrease of 8% in 
initial condensation; in other cases, gains of 4, of 11, of 7, of 
16, of 12, of 17, and of 21¢ through diminution of cylinder con- 
densation at admission to the amount of, respectively, 2, 9, 8, 
15, 16, 15, and 20¢. The general result was fully confirmed by 
trials of a standard engine, precisely similar, except that it had 
no jacket. Initial condensation, with the reversing lever in the 
first notch, amounted to 40% reévaporation during expansion, to 
nearly the same proportion ; with the lever in the second notch, 
the figures become 19¢ in both condensation and reévaporation, 
the ratio of expansion being considerably less than in the first 
case. This difference in wastes accounts for the fact that no 
economy of steam followed the change from the lower to the 
higher ratio of expansion in this case. 

The attempt to determine the value of the jacket on compound 
locomotives did not succeed, since, as M. Borodin states, the 
jackets were defective; but they do show, very clearly, the 
necessity of proper construction and effective air and water 
drainage of the jacket. In the simple engine, “following,” 
nearly full stroke, the jacket had no value and even appeared 
sometimes to act injuriously, With the compound engine, 
this somewhat singular result became vastly more apparent, 
probably for the reason just given, and the loss by the jacket 
ranged from 0 to 16% and without any apparent relation to 
the degree of expansion adopted. M. Borodin, however, feels 
justified in concluding that the useful effect of the jacket should 
be expected to be less with compound than with simple engines, 
and calls attention to an hitherto unnoted source of waste—that 
due to heating and cooling of cylinders and jackets at each stop 


 Steam-jacketing and Compounding Locomotives.” Proc. Inst. Mech. Eng., 


tlbid., p. 815. 


| 487 
» 


AUTHORITIES ON THE STEAM-JACKET. 7 


and start. His general conclusion is that, as locomotives are 
customarily handled, the jacket has no appreciable value, all 
things considered, on simple, and may be a decided disadvantaye 
with compound, engines. This fact and its cause are shown by 
the circumstance that a gain observed while the engine was 
tested under cover, was lost when under steam on the road. 

In the discussion of this report Mr. Halpin stated that, with 
well-drained jackets, he had attained an economy of 17” by their 
use, and the greater the condensation in the jacket the greater 
that economy. 

Mr. Halpin considers that the value of the jacket increases 
with the expansion ratio, and with the completeness and effective- 
ness of the jacketing; and that it decreases with increase of 
engine speed.* 

Good drainage is always insisted upon, and this is always 
carefully attended to in Cornish engines, which are commonly 
arranged so as to drain the water of condensation back to the 
boiler. When the cylinder is of large diameter and short stroke 
it is considered especially important to jacket the heads.+ The 
general belief of engineers is unquestionably that experience 
to date shows the jacket to be desirable on slow engines at con- 
siderable ratios of expansion ;{ and as stated by Mr. Greig, “a 
slow engine would not do without it, and a fast engine would do 
badly without it, but not as badly as a slow one.” $ This belief 
and the facts are not undisputed for exceptional instances, how- 
ever, as seen elsewhere. 

Mr. T. K. Crampton, as early as 1857, designed six locomotives 
for 140 Ibs. steam and a ratio of expansion of 5, and applied 
steam-jackets, having previously satisfied himself of their in- 
portance by experiment on simple engines. 

Mr. Benj. Walker found steam-jackets on mill engines under 
but-44 lbs. steam-pressure to give, in experiments, each extending 
over some weeks, a gain as compared with the results obtained 
with the jackets shut off, and considered that 10 to 15. saving 
should be expected from their use.* 

Mr. Wylie stated, referring to steam-jacketing, long ago, that the 


* Proc. Brit. Inst. M. E., Aug., 1886 
+Ibid., Mr. Davey’s testimony. 

¢ Ibid., Ryan. 

Ibid. 

| Proc. Brit. Inst. M. E., Aug., 1886. 
§| Proc. Brit. Inst. M. E., Aug., 1886. 
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“ theoretical advantages of the system have long since been admit- 
ted.” * But “keen competition seems evidently to have been one 
of the reasons why this fitting, in many instances, has been dis- 
continued, in order to meet the demand for a cheap engine.” He 
considers that in triple-expansion engines the benefits of the 
jacket “ are naturally not as great as in a single-cylinder engine 
with a high ratio of expansion ;” but, however carefully it may 
be designed, “the jacketing of at least the intermediate and 
low-pressure cylinders is essential to naximum efficiency.” Gen- 
eral experience to date would seem to indicate, however, that 
cylinder-waste takes place to the greatest extent in the high- 
pressure cylinder, while the steam works quite dry in the low- 
pressure engine. 

Major English found that even jacketing the steam-pipe in 
engines tested by him sometimes increased their efficiency 5% 
and over, so sensitive .s the expansive steam-engine to vari- 
ations of quality of steam.t 

According to Professor Ewing: “In high-speed engines its 
beneficial effect is necessarily small, and, in certain cases, the 
benefit may be even more than neutralized by the drawbacks 
which have been alluded to.” . . . “In general, however, 
the steam-jacket forms a valuable means of reducing the waste- 
ful action of the cylinder walls, especially when the ratio of ex- 
pansion is considerable. Experiments made with and without 
a jacket on the same engine have shown that jacketing may 
increase the efficiency 20 or 25%."} 

“Many experiments have shown that in large, and especially 
with slow-running engines, the influence of a steam-jacket is, in 
general, good ; and this is to be ascribed to the fact that it re- 
duces, though it does not entirely remove, the evils of initial 
condensation. To be effective, however, the jacket must be well 
drained and kept full of live steam, instead of being, as many 
are, traps for condensed water or for air.’’$ 


> 


Beaumont also asserts: . . . “It would appear that a 
steam-jacket can have but little if any value in triple or quad- 
ruple expansion engines, and probably not in compound engines ; 
and in any engine its value is probably confined to the extent 


* “On Triple-expansion Marine Engines.” Z'rens. Prit. Inst. M. E., 1886, 
+ Truns. Inst. Mech. Engrs., 1887. 
Encyclopedia Britannica, Art., St. Engine,$ 92. 
§ Exeyclopedia Britannica, St. Engine, § 92. 
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to which it limits condensation to the quantity which can be re- 
evaporated during expansion, leaving no evaporation to be 
effected during the exhaust stroke, whether of a single-cylinder 
engine or the last cylinder of a multiple stage expansion en- 

In the tests of pumping engines reported by Mr. Mair, the 
value of the jacket is well illustrated.t In simple engines at low 
speed, at the average work, with jackets in use the steam used 
was about 22 lbs. per horse-power per hour ; without jackets 
the reported figure is 26.5 lbs., and an increase of cylinder 
condensation is computed from 25 up to 37%. These engines 
averaged, however, but about twenty revolutions per minute. 
The same writer gives tables of similar results with compound 
pumping engines, in which the unjacketed engine demanded 
from 19.2 to 26.6 lbs, while the jacketed engine used but 14.8 
to 17.4, a difference of 20 to 357, presumably largely due to 
the operation of the jackets. 

Holmes, referring to an analysis of the work of Emery on jack- 
eted and unjacketed engines, remarks: “ We see that, under 
all circumstances, whether the engine was worked simple or 
compound, a considerable saving was effected by the use of the 
jacket, when corresponding rates of expansion are compared. 
For instance, when worked compound, about 3 Ibs. of water 
were saved per horse-power per hour, being at the rate of about 
137, while in the case of the simple engine, worked at the higher 
rates of expansion, as much as 22.57 was saved.’’§ 

Mr. Vaughan Pendred had tried a triple-expansion engine 
with the jacket of its high-pressure cylinder “carefully blown 
through and left perfectly dry. Again he had tried the engine 
with the jacket full of water, and again he had tried it with the 
steam cut off entirely ; but he never could find that there was 
the slightest difference in the amount of steam which was con- 
densed in the high-pressure cylinder.” . . . “Mr. Mudd, 
of the Central Engineering Works, had said to him: ‘I always 
find that the high-pressure cylinder is wet. I cannot account 
for it in any way except that I believe all marine boilers sei a 


* High-pressure Steam and Steam-engine Efficiency ; Proe, Soc, of Eigs; 
Dec, 3, 1888. 
+ Minutes of Proc. of Brit. Inst. C. E., vols. 1xx., Ixxix. 

t Enc. Brit. : Art., St. Engine, § 96, p. 490. 


§ The Steam Engine, p. 454. q 


very large quantity of water into the cylinder, and what you 
consider to be condensed steam is really priming.” . . . 
“He found that, as a rule, triple engines worked extremely dry 
steam in their low-pressure cylinders.’’* 
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Professor Dyer, in his paper on recent steam-engine trials, 
and referring to the discussion of the report of Mr. Willans, 
says: t 

“Mr. E. A. Cowper dwelt on the importance of steam-jackets 
and pointed out the difference between the action of the con- 
densing steam and reévaporating water, and alluded to engines 
he had designed more than forty years ago in illustration of his 
opinions. But many things have happened in these forty 
years, and, as Mr. Cowper well knows, successive cylinder expan- 
sion engines have come into very general use, and altered the 
circumstances very considerably. As Dr. Kirk remarked : ‘No 
doubt in the earlier non-compound engines, when the steam 
was worked through a large range of temperature, jackets were 
a very valuable addition; but as far as he had observed, with 
the ranges of temperature in the best compound and in the 
modern triple-expansion engine, he could not trace any advan- 
tage in the jacket. The ideal function of a steam-jacket was a 
neutral one : simply to prevent condensation. Unfortunately, it 
also acted as an evaporator. When so acting it was in fact a 
boiler, in which a higher-pressure steam was employed to gene- 
rate steam of a lower pressure. Without going into the ultimate 
value of its action in the single-acting Cornish engine, it was 
clear that to expend boiler steam to generate lower-pressure 
steam in the low-pressure cylinder (or even in the intermediate) 
was not an economical way of using it, the more so as the steam 
generated in the low-pressure cylinder had little opportunity of 
doing any work, but went immediately into the condenser. Bet- 
ter it should go in as water. Jacketing the high-pressure cylin- 
der seemed to add nothing perceptible to the heat economy, but 
contributed sensibly to the wear and tear. The very large vol- 
ume of water that came from a steam-jacket, although the range 
of temperature in its cylinder was small, led him to think that 
the steam thus condensed would be better employed if put into 
the «vlinder itself. He had found intelligent marine sea-going 
engineers use the steam-jacket to heat up the engine, and then 


* Proc. Brit. Soc. of Eng’s, Dec. 8, 1888. 
+ Trans. Inst, Engineers, of Scotland, January 22, 1889, p. 54. — 7 


ay 


| 

_ 


| 4 
AUTHORITIES ON THE STEAM-JACKET. 7 


after a while shut it off. In fact, the subdivision of expansion 
into successive steps was a much more efficient method of econ- 
omizing steam than the steam-jacket had ever been, and had 
rendered the latter useless.’ ” 

“In one of the papers * to which I have alluded I pointed out 
that the use of a steam-jacket, as ordinarily designed, is a viola- 
tion of a fundamental law of maximum efficiency of heat engines, 
which requires that they should receive all their heat at the 
maximum and give it out at the minimum temperature, and not, 
as in the case of an engine with a steam-jacket, at temperatures 
between these, and at times when the heat imparted lessens the 
efficiency, which it evidently must do at and near the end of the 
stroke. The steam-jacket may thus be looked upon as a neces- 
sary evil, justified only by the physical properties of the steam, 
and of the materials hitherto used in the construction of engines, 
for while it increases the work done by the expanding steam 
this increase is by no means so great as it would be if the heat 
employed in the jacket steam had been employed to generate 
more steam. The advantage to be derived from the use of a 
steam-jacket therefore varies according to the circumstances 
under which itis employed, and in some cases—as, for instance, 
when low rates of expansion are used—the jacket may not only 
be useless but wasteful. On the other hand, when high rates of 
expansion are used, by preventing the temperature of the cylin- 
der from falling below the boiling-point corresponding to the 
initial pressure of the steam, the economy resulting from the 
action of the jacket is considerable, the work developed by the 
engine being increased by an amount varying from 15 to 25¢ 
of what would be developed without the jacket. The necessity 
for a careful study of the conditions of efficiency of a steam- 
jacket, of care in its application, and of experiments to iest its 
effects, are thus evident.” 

Professor Dyer concludes that the gain by the use of a jacket 
may be, in actual work, anywhere from 0 to 20 or 30. ; that it 
should be employed when the ratio of expansion is large ; when 
the variations of pressure, expansion, and range of temperature 
are great, its value is doubtful; that superheating is a |etter 
method of reducing wastes ; that the higher the engine-~peed 
the less the value of the jacket ; from a theoretical point of view 
the jacket would be considered desirable on the small cy|inder, 


*T rans, Inst, Eng. and Ship. Scot,, vol, xxix,, p. Gl, 
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but practically it is found that it is better to omit it from that 
cylinder, as it observably exaggerates wear ; that the use of the 
jacket is contrary to the thermo-dynaimic principles of efficiency. * 
He states that some quadruple-expansion engines without jac kets 
have proved satisfactory. 

Studying the action of the jacket where it is used under ordi- 
narily efficient conditions in general, and analyzing the final 
efficiency into its several factors, + M. Dwelshauvers-Dery finds 
that, in the case of the experimental engine reported on by 
Professor Reynolds (1889), a gain of 177 was produced by the 
cylinder jackets, by the net gain due their action in promoting 
effici ‘iency of working, aside from thermo-dynamic efficiency. 
Similarly studying the famous experiments of M. Hirn at Logel- 
bach, with and without superheating, he finds that superheat- 
ing produced a gain of 257% by promoting thermo-dynamic 
efficiency, raising its value from 0.324 to 0.483; while the satu- 
rated steam was made more efficient as a working substance by 
jacketing, and to the extent of 17, although the purely thermo- 
dynamic efficiency was actually reduced 1.67. 

A triple-expansion, condensing, three-cylinder engine, having 
jackets on cylinders and intermediate receivers, as tested by 
Professor Schréter, in 1889, was reported to consume but 6.9 
kilogrammes (15.2 lbs.) of steam per indicated horse-power and 
per hour, when driving about 200 H. P., and including in that 
weight all steam passing through the jackets, which averaged 
about 17% of the whole. The boiler steam pressure was about 
150 Ibs. (10.5 kilogrammes per square centimeter). Clearance 
was reduced to 4 and 54, the total ratio of expansion averaging 
about 24, ranging from 22 to 26.§ No superheating was prac- 
tised. The efficiency of the machine was 88.57, the friction 
of the unloaded engine demanding 11.5 of the total maximum 
power. 

One of the most satisfactory of recent determinations of the 
value of the steam-jacket on compounded engines is that of Pro- 
fessor Osborne Reynolds, of Owens College, Manchester, employ- 
ing the triple- “expansion engines of the Whitworth Laboratory. 


* Corre spondence, 
+Trens. Amer. Soe. Mech. Engineers, 1882 ; Journal Franklin Institute, 1882 ; 
Thurston on the Several Efficiencies of the Steam-engine. 
+ Engineering, Feb. 21, 1890, p. 201. we 8a 
Zeitschrift des Vereins Deutsche Ingeniure, January 4, 1890. 
Proceed. Brit. Inst. C. E., December 10, 1889. 
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‘ 

_ _The three independent engines combined in the compound 
machine were of the following dimensions : | 


Cylinder. 


Diam. Stroke. 


5 inch. 10 inch. 


Air-pump on No, 3 


-Feed-pump 


All were jacketed, sides and heads ; steam was carried at 200 
lbs. per square inch, and boiler pressure was maintained in all 
the jackets. 

The results were the following, with and without the jackets 
in use: 

With Jackets. Without 
Coal, per horse- power per hour 1.33 to 1.50 1.62 to 1.81 
Water, 12.63 ‘ 14.10 15.90 ‘* 17.30 
The effect of radiation was determined and found somewhat 
considerable. Deducting this waste, the figures stand : 
With Jackets. Without 
ee 1.21 to 1.30 1.54 to 1.77 
Water... 11.90 12.30 15.10 16 60 

This is one of the most satisfactory approximations to the 
ideal engine and to minimum wastes that has ever yet been 
recorded. 

In this remarkably economical engine, it is seen that the loss 
by shutting off the jackets was from 25 to over 354 in fuel con- 
sumption; or from 25 to 30% in water expenditure. 

Of the total heat received, exclusive of radiation, 19.47% was 
converted into work with jackets in action, and but 15 without, 
a difference of over 23¢ of the first quantity, or 29 of the latter. 
The ideal engine, under similar thermo-dynamic conditions, 
would have utilized 234. 

The effect of the jacket on the high-pressure cylinder, where 
the difference of temperature between jacket-steam and initial 
was small, was found to be slight as affecting cylinder condensa- 
tion. In No. 2, the effect, with a difference of temperatures in 
this respect of 80° Fahr., that condensation was reduced from 30 
to 5¢; while in No. 3, with a difference of 18(° Fahr, such con- 
densation was sensibly zero, and the “saturation expansion- 
curve,” assumed by Rankine to be attainable by this use of the 
jacket, was perhaps for the first time produced. 

M. Dwelshauvers-Dery does not think that we may expect 
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that the good results of jacketing and superheating may be 
“superposed ”—zi.e., that effective superheating may be expected 
to add to the efficiency attained by a good system of jacketing, 
or vice versa. This was the view also of M. Hirn, who, No- 
vember 7, 1889, only a few weeks before his death, wrote M. 
Dwelshauvers : “The use of superheated steam absolutely dis- 
penses with the need of a jacket. Conforming with the ideas of 
Leloutre, I have applied to one of our engines, not a complete 
jacket, but jackets surrounding the ends of the cylinder, leaving 
about one-half at the middle uncovered. I passed through these 
jackets steam, saturated, but not superheated. I never found the 
least advantage in their action.”” He goes on to say, referring 
to his engines at Logelbach, that he had there shown the greater 
utility of superheating, properly carried out, and that “if in 
England and elsewhere superheating has been abandoned, it 
should be presumed that proper precautions had not been ob- 
served.” 

M. Dwelshauvers “has more faith in superheated steam 
than in the jacket, and would adopt with it a suitable compres- 
sion,” but thinks it possible that M. Hirn may have somewhat 
exaggerated its relative ultimate value. He had himself, how- 
ever, described the results of the use of superheating steam 
when he had been able to secure so effective an action of the 
superheater as to retain the steam ina sensibly dry and saturated 
condition to the end of the stroke.t 

He deduces from the experiments of Reynolds the following 
gain by the use of the jacket, in three comparisons:{ 18.79¢, 
18.50%, and 17.16%, or an average very closely approximating 184. 
But he finds, as the writer earlier suggested, that the maximum 
speed is not necessarily that of maximum efficiency in these 
trials, although the highest speed is more economical by an 
eighth than the lowest. An intermediate speed is more eco- 
nomical than either.$ 

M. Hirn thinks that it would be unwise to use superheated 
steain in the jacketed engine, since, as he suggests, if the jacket 
contained saturated steam it would then act as a refrigerator ; 


—— 


* Correspondence. 


+ Bull. dela Soe. Ind. de Mulhouse, 1888. 

Brit. Inst. C. E., 1890. 

sSce President’s address, Am, Soc. Mech. Engrs., R. H. Thurston, 7rans., 
1880, vol. i,, p. 14: “ It seems possible to reach a point in steam-jacketed cylin. 
ders «t which lower speed may tend to secure efficient working.” 
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while, if supplied with superheated steam, there would be some 
liability of its being mactive. M. Dwelshauvers is inclined to 
accept the complication of compounding and jacketing for 
pressures approximating 200 lbs. per square inch, but would try 
the simple engine, unjacketed, with a good superheating appa- 
ratus with lower and ordinary pressures. 

M. Cornut tells the following instructive incident: “A manu- 
facturer of Roubaix employs two compound engines. The steam 
which supplies their jacketsis taken directly from the boiler, and 
is afterward used for heating some special apparatus, the arrange- 
ment being such that the jackets can be filled with either satu- 
rated or superheated steam. One morning, the engine being much 
loaded and making with difficulty the twenty revolutions a min- 
ute which was its required rate, the engineer thought he would 
try the use of superheated steam in the jacket instead of the 
saturated steam. Effecting the change, he found, to his surprise, 
the engine make 21.5 to 22 revolutions per minute—/.., an in- 
crease of nearly 10°.” 

Professor Geo. I. Alden, using a small experimental expansion 
engine of but 10 I. H. P., has attained an economy measured by 
the expenditure of but 17} lbs. of steam per horse-power per 
hour, and without the jacket the engine required about 20) lbs, 
the saving by its use amounting to about 15 

M. Mallett, after a long experience, says: “The utility of the 
steam-jacket is incontestable ; and it is so much the greater as 
the difference of temperature is greater between the sides of the 
cylinder and the inflowing steam. Accordingly, the jacket will 
be more advantageous for condensing than non-condensing en- 
gines, for larger than for smaller measures of expansion, for 
engines with one cylinder than for compound engines.” 

MM. Mallett, the French engineer and constructor, concludes ; 
ss “(1) The usefulness of the steam-jacket is incontestable, being 

greater as the differences in temperature increase, so that jack- 
ets are more advantageous for condensing than for non. condens- 
ing engines, for great expansion than for slight, for single than 
for compound engines. But when expansion is considerable the 
jacket is not sufficient. (2) Engines of two cylinders have 4 
decided superiority over those with one; so that, for moderate 
expansions, steam-jackets may be dispensed with.” + 


* Cornut. 
> = ss 
+ On Compound Engines, sec. iii. 
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‘The late Henry R. Worthington, who had an enormous expe- 
; 


rience with engines of low ratio of expansion, perhaps averag- 
ing inside 8, was accustomed to reckon the gain by the jacket in 
such cases at about 67.* In engines of the Worthington type, 
experience shows clearly and indubitably that the jacket affects 
condensation in the cylinder so greatly as to have a sensible and 
important effect in sustaining the pressures on the piston and 
enabling the stroke to be completed when it would otherwise 
fail to make a full stroke. It is for this reason, if for no other, 
made invariably an appendage of such engines. 

Professor Unwin considers that “in all cases and on all eyl- 
inders the jacket is useful, provided, of course, ordinary, not 
superheated, steam is used ;” but “the advantages may diminish 
to an amount not worth the interest on extra cost.” In most 
cases, So far as experiment shows, there is some saving.t 

Mr. Edwin Reynolds, the designer of an immense number of 
engines of many kinds, considers that “the jacket is of real eco- 
nomic value, the amount of that value varying with conditions 
under which the engine is worked; the slower the speed and 
less the work done in a given time, the greater the value of the 
jacket becomes.t In some of his experiments on a “ quarter- 
crank” compound engine, at 12 revolutions per minute, he ob- 
tained an economy of 33° with jackets, as compared with the 
same engine without them. Driving the engine up to 56 revolu- 
tions, the gain fell to about 9%. The tests of the Milwaukee 
pumping engines gave a decided saving due to the jackets. The 
experience of Mr. Reynolds has indicated a marked advantage 
where the larger cylinder is jacketed with boiler steam, over 
jacketing with steam of lower pressure. 

The experience of the Holly Manufacturing Co. on their 
compound pumping engine, as designed by the late Mr. Gaskill, 
leals to these conclusions on the part of their superintendent : 
“In regard to the benefits derived from steam jackets on our 
Steam-cylinders, I am somewhat of a sceptic. From data taken 
on our own engines, and tests made, I am yet to be convinced 
that there is any practical value in the steam-jacket.” . . 
“You might practically say that there is no difference.” He 
finis the engine to run more quietly with the jacket than with- 


* Private Correspondence. 

+ Correspondence. 7 
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out, as, in the latter case, there is more condensation in the 
larger cylinder and consequent “ water-hammer ” at times at tle 
end of the stroke.* He therefore uses the jacket. 

The experiments of the Westinghouse Company, on their 
“ Duplex No. 1,” an engine having both cylinders partly jacketed, 
“showed no appreciable effect of the jacket, the saving of steam 
in the cylinder being fully equalled by the condensation in the 
jacket.’’+ 

The tests were considered conclusive as to that type, which, 
however, was a special design which has only been used exper- 
imentally. 

A somewhat similar experience is reported to the writer by 
Mr. F. H. Ball. A saving was measurable, but not enough to 
be considered important. These compound engines, are, there- 
fore, not, in this respect, improved by the addition of the jacket. 

Mr. E. D. Leavitt, who has had an exceptionally extended ex- 
perience, and unusual opportunities of observation, states : “ The 
steam-jacket is of really economic value in my own experience, 
this fact being clearly proven by the Lynn pumping engine, and 
in that instance, the value is from 10 to 12%. By consulting 
the reports it will be seen that after the new cylinders were 
put in (the old ones having been cracked and the jackets off 
the yearly duty went up from about 90,000,000 to over 100,000,- 
000. No change was made except in the jackets. On engines 
of 100 HP. and upward, where fuel is of any account, steam- 
jackets should be employed on simple, compound, triple, and 
quadruple-expansion engines, and on all the cylinders.” “I 
have tried compounding a jacket and find ita good plan, whether 
the piston speed be high or low.” 

But Mr. Leavitt, some years ago, in testing the Hecla hoisting 
engine, obtained the lowest water rate, 16 lbs., with jackets shut 
off ; the case was regarded, however, as exceptional and singular. 

The experience of Mr. John W. Hill, which has included an 
unusual number of engine trials of all types and under all ordi- 
nary conditions, leads to the following conclusions : § 

(1) The jacket is certainly of benefit when used under proper 
conditions, and may be expected to improve the economy from 
8 to 10i—perhaps more in some cases. 
* Private Correspondence, December 30, 1889. 

+ Private Correspondence, January 2, 1890. = 
Private Correspondence, i 
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(2) The jacket is adapted to low-speed, high-expansion engines. 
With compound engines, which operate at piston-speeds of 100 
to 240 feet per minute, the jacket is effective even when the ex- 
pansion ratio is as low as 4; and in slow-speed engines, with 
expansion ratios of 12 to 20, the jacket is indispensable for high 
economy. With simple engines, and expanding 4 times or more 
at low piston speeds, no gain would be anticipated from the use 
of the jacket, and the economy might even be higher without it. 

(3) High steam pressure, with wide range of expansion and 
temperature, would make the jacket more desirable than the use 
of low steam and small differences of temperature, the purpose 
of the jacket being to reduce the losses due to the differences of 
temperature of the cylinder walls and the expanding steam. 

(4) The higher the ratio of expansion, the greater the need of 
steam-jackets ; while, with low ratios of expansion, and high or 
moderately high speeds of piston, the value of the jacket is 
doubtful and, from his experience, he would not recommend it. 

(5) With superheated steam, the jacket is comparatively unim- 
portant, and the less so as the superheating is the more effective 
in checking cylinder-wastes. 

(6) With compound engines, with slight or no expansion in the 
high-pressure cylinder, the jacket should be omitted there, but 
applied to the low-pressure cylinder; in triple-expansion en- 
gines, the jacket should be applied to the intermediate and low- 
pressure cylinders, even with high speed. 

Professor Schréter deduces from his work on the triple-expan- 
sion engines at Augsburg * very instructive results relating to 
the efficiency of the jackets, and from this work and from the 
results of his tests of the jacket efficiency on a small engine of 
the Sulzer type in his own laboratory, he concludes : + 

(1) The value of the jacket may vary within very wide limits, 
or even become negative. 

(2) The shorter the cut-off, the greater the gain by the use of 
a jacket. 

(3) The use of higher pressure in the jacket than in the cylin- 
der produces an advantage. The greater this difference the 
better. 

(4; The high-pressure cylinder may be left unjacketed with- 
out great loss, but the others should always be jacketed. 


* Zeits. des Ver. Deutsche Ing., xxxiv., 8. 7. 
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OF A COMMITTEE OF THE BRITISH 
ENGINEERS. 


Gain ¢ 


Date and Authority. 


Coms. de M. A.Vap. 


Non-Con. | 120 8-10 Thomas, 1846 
115 203 24 J. F. Inst., 1859 
4.9-6.4 45-48 21.4 B. Donkin, 1874. | 
“ 1 8-21 73.9 19.5 Cornut, 1s74 
si 18-21 136 13.8 
“ 19.1 “ 
q .5-4.4 170-212 (46.7-53.2 10.3 Emery, 1875. 
3.4 55.7-59 99-102 9.3 Brodie, Is81-3. 
“ 3 54-55 100-101 7.3 
4 | 40-41 94-95 15.9 
17-50 93 9.6 ‘ 
“ 2-71 143-148 | 61-62 19.7 Delafond, 1883. 
4 : | 6.2 148-178 62 22 
“ 65 x 43’.31/110 5 61-62 (16.7 “ 
reo 21.65 x 43’’.31}110 | 4.4 217-237 63-64 16.7 U 
.65 x 43’’.31| 78 5.4 121-137 61-62 14.25 “ “ 
21’ .65x 43.31) 78 | 4.8-5.1 136-137 | 61 11.46 “ ‘ 
.65 x 43’’.31| 78 3.7-3.8 178-180 60-62 111.36 
“ 21” .65x 43.31) 50 | 3.7-3.9 108 7.21 
.65 x 43’ 31) 50 =| 2.5-2.8 142-147 61 | 7.82 | 64 
as 21/’.65 x 50 1,7-1.7 | 1.9-173 60-16 4. : 
Simple 50 | 1 145-147 61 1.15 
Condens.! 15 6 16 30.5 Thomas, 1842. 
5 | 50-58 20 6-7 | Combes, 1843. 
| 38-56) 5.3 0 93-1.13 60-61 Isherwood, 1863. 
| 12 1.7 852-361 | 7.9-8.1 | 2.7 “ 
as | 36 4 153-161 12 12.9 Donkin, 1870. 
its 7.7-9.3 37-40 19.4 | 
110 56-83 55 123.7 Hirn, 1873. 
17 3.4 89-42 37 32.4 Rennie, 1873. 
liz | 8.4 | 40 40 31.3 
78-79) 5.2 | 89-116 11.8 Emery, 1874. 
13-15) 1.5-2 87-98 4-43 16.3 “ 
36-45) 2.2-6.1 123-255 43.58 6.1 
34’ 61-72) 4,2-7.8 185—;48 52-69 11.5 “ 
a 67 =| «5.7 128-158 19-50 21.5 Merwin, 1878. 
os 24’ 68 12.4 81-100 30.3 
ss : 39-60) 3.1-4.7 170-191 53 15.5 Fletcher, 1877. 
3s GO-§2 13-15 166-174 27-28 17.1 Furat, 1879. 
“ 32” x 66” 41-42) 3.8-4.8 128-124 20 16.6 (Mair, 1882. 
11-14 100-141 59-60 26.6 Delafond, 1883. 
21’ .65 x 43’’.21110 10-11 129-160 59-62 25.1 
21’ x 43’ .21/110 8-10 155-161 60 23.0 
2 | 6.4 58 {20.0 “ 
c 45 | 9.3-12 112-126 | 60 16.7 
| 8.7-11.3 124-134 60 17.7 
x 43’ 6.8-73 150-176 60 }18.8 
5 | 5.9 175-193 58-60 12.0 = 
4 4.8-5.9 193-194 60 114.3 
x 43’’ 10.8 | 85-92 60 | 9.4 ‘ 
¢ 8.2 } 115-117 60 | 7.8 
21” .65x 43’’.21| 64 5.4 | 150 59 | 4.0 
.65 x 43’’.21, 64 3.9+4.4 172-175 58-59 3.9 
65 x 43'’.21) 64 3.6 186-194 59 1.5 
“ 21.65 x 43/21) 50 //11-12 69-76 60 6.6 “ 
.65 x 43’ 21) 50 7.6-7.8 59 4.5 
21’ .65 x .21| 50 5.6-5.8 120 60 3.2 
21” .65 X 50 4-4.2 140-152 60 0.47 
21/’.65 x 43’’.21) 50 3.2 165-179 60 0.56 
21’’ .65 x 43’’.21| 36 4.6-4.7 106-111 60 3.3 
21’’ .65x .21| 36 2.2 160-162 | 61 2.9 
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Type of | 


Size. | P. Rev. Date and Authority. 
Simple (21/'.65 x 43’’.21! 36 1.7 180 61 | 0.61 Delafond, 1883. 
Condens, 21''.65 x 43’’ 21) 36 1.0 182-199 60 | 8. 
Comp 4.3 24 128.5 Hirn, 1855. 
Condens. 264” | 
41 | 5.5 17-20 36 28.6 Donkin, 1859. 
ite 37 33 13.7¢ | “ 1868, 
x 45 10.3 10-17 37-44 38.6 “1870. 
“ 60 119 25 1.5 Lhoest, 1873. 
J 
| 6.77 77-99 18-53 111.7 Emery, 1874. 
“ 42 4.45-10-78 6.7-10.5 98 25.5+ Donkin, 1881. 
42 | 5.38-16 10-12 294 = 
42 | 5-10 7-13 33..9§ 
19” 
x 157-168 | 55 15.4 “9887, 
25" 
10’ x 12 24-34, 3.2-3.6 7-10 23.7 ennedy, 1889, 
« eit” 45-43| 3.2-4.5 9-10 97-101 24.4 
63 | 8.7-8.9 9 98-99 13.9 
18” 62 | 6 | 1012 97-90 28.9 “ 
73 8-8.6 13 4 “ 
x 12” | 75 | 8.5-9 | 27-36 | 16.8 
6.46.6 10-11 | 99 24.2 “ 
8.3-8.4 10-13 38.2 “ ‘ 
4 
12” 7.68.6 10-13 96-97 11.8 “ 
80 7.68.6 10.13 | 96-97 21.3 
| | | , 4 


DISCUSSION, 


Prof. J. EB. Denton.—I gather from this paper that it is the 
outcome of a desire, expressed during the discussion of the 
authors former paper presented at the New York meeting, to 
know upon what particular experiments was founded the state- 
ment that steam-jacketing could be relied upon to secure about 
20% less steam consumption than is common to engines of good 
desizn and first class economy when operated without steam- 
jackets. The author, in submitting the various facts and opinions 
set forth in the present paper, intends the latter to be an answer 
to the questions put forth in the discussion referred to, namely : 


* Steam in jackets only 4 Ibs, pressure. 
# Steam in H. P, jacket only. 
} Steam first in H, P., then in L, P, jacket. Steam’in both or all off. 


ic 


= q 
a 
- 
A a 
= 
a 
é 
4 


502 : AUTHORITIES ON THE STEAM-JACKET. 


Where is the experimental proof of a saving of 20+ due to steam- 
jacketing? and, judging from his quotation from his previous 
paper and the foot-note given in page 463 of the present paper, 
it would appear that in his opinion the contents of this paper 
still warrant a belief in the value of steam-jacketing, in “ simple 
mill engines,” amounting to 20¢ of the steam consumed in such 
engines unjacketed. As I am unable to acquiesce in this view 
from a study of the paper, and as the author states that he has 
other data in his hands, which, together with a “ philosophy ” of 
the cause of the saving due to a steam-jacket, he may, under 
proper inducements, present in a later paper, I submit the fol- 
lowing criticisms, regarding some of the principal data contained 
in the paper, with a view to stimulating him to present us with 
another paper, which shall aim at discussing and settling the 
many conflicting facts about the subject of jacketing, as they are 
viewed from the standpoint of those whose convictions are 
opposed to the belief that steam-jackets, in every-day practice, 
are a sufficiently important element of economy to warrant the 
expense of their construction and maintenance’ on the ground of 
CCONOMLY alone. 

The opinions of Watt were founded upon the action of the 
single-acting pumping engine, which found its most economical 
form in the Cornish pumping engine. Admitting that the steam- 
jacket acted beneficially with this engine, the peculiar conditions 
of the latter make its record inapplicable to prove anything of 
importance regarding the action of jackets on modern double- 
acting engines. The early experiments quoted, up to 1860, are 
too crude to warrant confidence in them as positive proof regard- 
ing the influence of jackets, as the conditions, with and without 
jackets respectively, are not shown to be sufficiently identical 
for this purpose. The best of these early experiments is prob- 
ably that of Hirn, in 1855. If the original paper of this experi- 
ment be studied at the present day, the crudities apparent in 
the methods and circumstances attending the measurements are 


- quickly seen to be such as to greatly discount the character of 
~ the results for accuracy. For instance, the indicator cards were 
so discordant amongst themselves that they were discarded as a 
basis of power. The latter was adjusted through the medium of 
a water-wheel, previously tested with a Prony brake. Yet Mr. 
Hirn asserts, in the paper, that he regards the Prony brake «is an 


‘ 
unmanageable device for use to absorb the power of the cu-me 
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directly. The data are on the whole obscure, there being no 
positive evidence that the ratios of expansion and speed were 
not different, with and without the jackets respectively. On 
page 471 of the paper we reach the period of 1860. The quota- 
tion regarding the Greene engines, with which the author was 
associated, has no force unless some rate of evaporation be 
assumed for the boilers. If the latter were of maximum econ- 
omy, the steam consumption would be simply that attainable 
every day on such engines without steam-jackets. Referring to 
Professor Rankine’s opinions, it is quite possible that the latter 
had available to him, up to the time of his death, only the com- 
pound engine performances of Elder’s jacketed engines, which 
used steam superheated upward of 140° above the boiling 
point due the admission pressure. In the writings of Elder 
and Rankine, distributed among the various technical literature 
of about the date of 1860, there is clear evidence that cylinder 
condensation was entirely prevented by superheated jackets in 
those engines with which Rankine was permitted to experiment. 
He probably based his opinions largely on this experience, as 
during the ten years of his life succeeding this date little 
opportunity existed for any accurate knowledge of steam con- 
sumptions on marine engines. Indeed, it is only within the last 
few years that there have been any reliable tests of marine 
engines in actual service. The idea suggested, in the paragraph 
on page 472, that Rankine always attributed initial condensation 
—that is, condensation during admission—to the existence of 
liquefaction action due adiabatic expansion, is a faint echo of a 
criticism which the author, in copy of certain other writers, has 
male upon the soundness of Rankine’s understanding of the 
phenomena of cylinder condensation. I believe it is quite pos- 
sible to regard Rankine’s idea that cylinder condensation during 
admission is initially attributable to the adiabatic liquefaction, 
as the most comprehensive view of the subject of c\linder con- 
densation, and that, could a jacket prevent this liquefaction, the 
latter would be as important to economy as Rankine believed it 
and found it to be in Elder’s compound superheating engine of 
slow speed of rotation. But in the high speed of rotation, 
compound serew-engines, which had their development after 
Rankine’s death, the steam-jacket does not figure as an import- 
ant adjunct to economy, and if Rankine could have lived to study 
their performance, he could easily find reason to agree to this 
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fact, without laying himself open to the charge of not under- 

standing that the principal loss by eylinder condensation 

occurred during admission, a charge which is quite ridiculous 

in view of his careful analysis of the Michigan experiment, 

coupled with his unparalleled accuracy and comprehensive 

methods of study and expression. It is to me a matter of great 
satisfaction that one of the few physicists competent to discuss 
the matter is shortly to present a brief paper, pointing out that 
Rankine’s views on cylinder condensation, as expressed in his 
treatise on the steam-engine, or in his memoir of John Elder, 
are, in view of the still unsettled condition of our understanding 
of the laws of cylinder condensation (which, in spite of the laud- 
able labors of Hirn, Dwelshauvers-Dery, Clark, Donkin, Isher- 
wood, and others, have made no progress in the last thirty 
years), the most comprehensive—that is, take cognizance of more 
physical possibilities—than any other statement regarding the 
matter. Referring to the influence of steam-jackets on modern 
compound marine screw-engines, the experiments of Chief [En- 
gineer G. V. Sloat, of the Old Dominion Line, are a good illustra- 
tion. He selected a set of engines of about 1,500 H. P., eylinders 
34 x 54 x 5 ft. stroke, making 60 revolutions with steam at ‘0 
Ibs. above the atmosphere, and live-steam jackets on the barrels 
of both cylinders. The jackets were made by the aid of liners 
or bushings, and it was well known that the joints of the latter 
were very liable to leakage. But, in his case, it was made cer- 
tain that there was no such leakage. Also the drainage of the 
jackets was thoroughly insured by receiving the condensed steam 
in a reservoir some two feet below the bottom of the cylinders, 
whence it wasted to the hot-well at a rate which prevented the 
accumulation of water above a few inches of depth in the rcser- 
voir, its height being shown by a water-glass, and a particular 
point being made of maintaining the level of the water nearly at 
a given point. Each jacket was supplied with its steam a 
pipe 1} inches in diameter. The ship was run many voyiges 
with and without the jackets alternately. There was no saving 
in coal consumption ; in fact, the little difference in the | .tter 
which could be distinguished was unfavorable to the jackets. 
Neither the indicator cards nor the revolutions evidence) any 
difference in the mean effective pressure. Tue steam-jackets 
have been abandoned in many similar ships because ©! the 
trouble of maintaining the joints tight which connect the j.cket 
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with the cylinder, and this was finally the case with this partic- 
ular ship, but during the experiments there was no such im per- 
fection to be charged against the accuracy of the results. Pass- 
ing to page 473 of the paper, the second experiment quoted, as 
due to Mr. Hirn, brings us to the date of 1873, when this author- 
ity is quoted as proving that two similar simple engines showed 
a saving due the jacket of 24%. The same experiments are 
quoted in the report of the British Committee of the Mechan- 
ical Engineers, page 718, as having the same ratio of expansion, 
which is given at 10. I find, in Mr. Hirn’s treatise on thermody- 
namics, that these engines did not have equal ratios of expan- 
sion, but that the unjacketed engines expanded the steam 14 
times, as against 11 times in the case of the jacketed engines. 
Fearing some typographical error in the book, I have re‘erred 
to the original paper in the “ Bulletin de Mulhouse,” and there 
find the same discrepancy in the ratios «f expansion, a discrep- 
ancy which may in itself account for certainly a large part of 
the difference of steam consumption attributed to the influence 
of the jacket, and furthermore, the actual consumption per horse- 
power of the jacketed engine was no less than that given in 
Barrus’ tables for a good non-condensing unjacketed engine 
under the same conditions. 

In generalizing regarding the action of a jacket, Hirn, appar- 
ently on the basis of his experiments with these two engines, 
concludes that the jacket increases the area of the indicator card 
about 25% for the same total steam consumption. He appears 
to find that the exponent of volume of a hyperbolic expansion 
curve is changed from about .95 to .85 by the influence of the 
jacket. Modern experiments, however, afford abundant evidence 
that such variations of exponent are obtained without the use 
of jackets. For example, J. G. Mair’s tests of a single condens- 
ing engine without jackets give quite as low an exponent as 
foun'| by Hirn with jackets, aud Mair’s compound-engine tests 
afford exponents varying from .83 to greater than unity, and the 
lowest value is for an engine without jackets, using steam at 90 
Ibs. absclute at nearly 700 feet of piston speed. 

Referring to Hirn’s experiments with compound engines, as 
given, for instance, in the article on steam-engines of the Ency- 
dope lia Britannica, the conditions with and without jackets differ, 
in that the ratio of expansion is about 7.8 without jackets, and 
abou’ 9.8 with jackets. The results show about 10% less steam 
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consumption with jackets. The engines were of the Woolf type, 
run at 34 revolutions. While I do not doubt that under the 
circumstances the saving due to the jackets may approximate 10°, 
have we any right to conclude that the conditions were sutfii- 
ciently similar to establish the real gain due the jackets? The 
only other jacket data given in the Encyclopedia article are the 
results of Mair’s experiments with a simple condensing engine, 
using steam at about 60 lbs. absolute and making 20 revolutions 
per minute. These results show that at 3.8 expansions, with 
jacket, the steam consumption per indicated horse-power is 26} 
lbs., while at 4.3 expansions, with the jacket, the consumption 
is 22 lbs. Waiving the difference in the ratio of expansion, there 
should be a slight reduction of the figure without jackets, due 
to a difference of back pressure, which the original records make 
evident, but taking the figures as they are given, the saving due 
to the jacket is only 16°. Neither of the sets of data given in the 
article warrant the conclusion that even at the slow speed of 
revolution at which the engines were operated was there 20) to 
25% of saving by the use of jackets, and yet the writer of the 
Encyclopedia article generalizes with regard to the subject of 
jacketing by stating that this amount of saving is to be relied 
upon, and I take it from the remarks of the author of the paper 
under discussion, made in closing the discussion at the New 
York meeting, that he was largely guided by the Britannica 
article in claiming 20% saving for jackets on simple mill epgines. 
Mair’s tests are worthy of every respect at the hands of experts 
as regards accuracy, but the conditions under which his envines 
were operated, principally as regards speed of rotation, do not 
represent American mill practice, either in simple or compound 
engines, as aspeed of upward of 50 revolutions is now practically 
universal. Referring to page 490 of the paper under discussion, 
where Mair’s tests are again quoted as proving that the use of a 
jacket was necessary to secure the low consumption of 14.8 |bs., 
as against 19 to 26 Ibs. without the use of the jacket, it should 
be stated that the cases without the jacket refer to Woolf 
compound engines, expanding steam 8 and 9 times, while the 
jacketed engine was of the Receiver type, expanding 13! times. 
Moreover, the unjacketed case giving 26 lbs. is considered by 
Mair as somewhat unreliable in view of imperfect drainage of 
jackets. Mair’s case of 14.8 lbs. of steam per indicated horse- 
power, obtained at 24 revolutions per minute, is, so far as I 
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know, unparalleled by any record of unjacketed engines at so 
‘slow a speed. 

Referring to the marine testimony, page 482 of the paper under 
discussion: The fact that many steam-jackets on marine com- 


- pound engines have been made by the use of a liner or bushing, 


which leaked seriously at its junctures with the cylinder, ac- 
counts for an increase of speed when the jackets were supplied 
with live steam, since there would be a gain of mean effective 
pressure due to the admission of steam to the cylinders after 
the valve had closed the admission ports. It was the observance 
of an increase of three revolutions per minute by the admission 
of steam to the jackets on a compound engine of a transatlantic 
steamship that led Mr. J. Baird to jacket the cylinders of the 
steamships Hudson and Knickerbocker. The engines of these 
ships were single condensing cylinders about 4 feet diameter by 
6 feet stroke, making about 60 revolutions per minute and using 
steam at about 90 lbs. pressure, cut of at ;4 of the stroke, a 
fact which made them a novelty at the time of their advent, about 
1873. Live-steam jackets were cast to the cylinders throughout 
their length. Most careful comparisons were made of the per- 
formance, with and without jackets respectively, during many 
voyages between New York and New Orleans. No difference in 
the revolutions due to the presence of live steam in the jackets 
could be distinguished, and no economy in coal consumption was 
found. Mr. Baird tells me that the trials were conclusive, as he 
was so sanguine about an advantage being derived from the 
jackets that he finally placed the trials in charge of a special 
engineer, who made it a study to give the jackets every aid as 
regards drainage, freedom from air, etc. It should be stated, 
however, that the steam used in these trials reached the cylinder 
superheated 65° Fahr., and that the steam blown from an indi- 
‘ator cock was apparently slightly superheated. The water 
consumption of these engines, tested within the last few years, 
Without steam in the jackets, was about 20 lbs. per indicated 
horse-power, and the cylinder condensation at cut-off was less 
than 10%. During these trials the cut-off was about ?:, but as 
there is about 13¢ clearance due to the use of poppet valves on 
80 short a cylinder, the real expansion is only about 5 times. 

In order to reach useful conclusions regarding the value of 
Steam-jackets, I believe distinctions somewhat as follows must 


be made : 
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First. Opinions of practical men, resulting from general con- 
victions, not based upon a careful measurement or comparison 
of performance, must be almost entirely abandoned. For cx- 
ample, among the quotations of the author is one of this class 
which claims that the jackets of certain high expansion com- 
pound pumping engines of slow rotational speed have shown an 
economy of 15 to 20%. The writer, upon investigating the origin 
of this opinion, found it to rest upon the performance of a 
certain pumping engine which, having broken its jacket, and 
thereby having been obliged to operate several years without 
the use of steam in the jackets, was finally provided with new 
cylinders with jackets. The improvement in duty with the new 
jacketed cylinders was the basis of the opinion quoted by the 
author of the paper under discussion regarding the saving of 
jackets. But the fact was that before the engine ceased to use 
the cylinders: of the broken jacket, the fracture due to the 
breakage allowed a serious escape of live steam each stroke of 
the engine, so that the improvement in duty was the sum of the 
saving due to stopping the leak and whatever amount, yet un- 
known, was properly due to the restoration of the jacket. 

Second. When tests are made, with and without jackets, they 
must either be of sufficiently long duration and under a sufli- 
ciently steady load to make the probable error in the water 
consumption less than the probable difference between the 
economy with and without jackets; or, if of short duration, the 
heat must be measured and balanced at each end of the enyine. 
For example, the very striking series of tests published by 
‘Delafond, and referred toon page 486 of the paper under discus- 
‘sion, must be classified as experiments of a very low order of 
-aceuracy. In the first place, a load of upward of one hundred 
-horse-power was absorbed by an Appold Prony brake, which, 

when it is stated, as in this case, that water had to be applied 
to the brake pulley to maintain its temperature sufficiently low, 
is an utterly incompetent means of securing a uniform loa:! for 
such a purpose as distinguishing between the economy o! an 
engine with and without jackets respectively. In the second 
place, the steam was measured by the difference of level! ina 
boiler only, and for periods of time ranging from an hour and 
three-quarters to thirty-six minutes. Moreover, the boiler was 
idle until the instant when the engine tested was cut off !rom 
another source of steam supply and suddenly connected with 
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the test boiler. The latter must therefore have been in un- 
steady action for some time at the commencement of the test. 
Again, at the end of the allotted time the test engine was cut 
loose from the test boiler and the depreciation of water level 
in the latter restored by pumping water rapidly into it. As its 
evaporative functions must have been suddenly annulled, the 
effect of such a sudden introduction of water must certainly have 
affected the general temperature of the contents of the boiler 
so as to render the measurement of steam consumption liable to 
a serious error. No data are given in the original article to en- 
able one to judge as to the probable error of the determinations, 
but it is shown that attempts to draw a balance of heat through 
ameasurement of the heat rejected gives the wildest sort of 
results. It is a surprise to me that such zealous and rigorous 
workers as have charge of the jacket research of the British 
Mechanical Engineers should consider the Delafond experi- 
ments comparative in value with most of their other published 
data as given in their first report, from which the author of the 
present paper has compiled the table on page 500. 

Third. The conditions of loading must be the same under test 
as when the engine is worked commercially. For example, Mr. 
Borodin’s tests showed undoubted advantage due to jacketing 
with an artificially light load on single locomotives, but the 
same locomotives, run over the road under regular conditions 
of serviee, failed to indicate that the use of steam in the jacket 
exerted any definite or tangible influence upon the steam 
economy. 

Fourth, Experiments must be made with engines of the size 
use| in practice. The experiments of Kennedy on the small 
compound engine at University College, as given in the first 
report of the British Research Committee, and the experiments 
of Reynolds with his triple-expansion engine at Owens College, 
certainly show striking effects due to jacketing; but these are 
small engines, and the same reason which makes cylinder conden- 
sation exert a greater proportional influence in small engines 
than in large ones may cause the jacket to produce an influence 
in small eylinders which is not realizable in engines of the size 
in us: in industrial establishments. It is possible that the zeal 
and opportunities of the workers with small engines, in experi- 
mental ‘laboratories, may lead us to new and interesting views 
of the action of steam-jackets ; but, meanwhile, we certainly lack 
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data to prove that on the modern high-class steam-engines, 
either compound or triple expansion, steam-jackets are an im- 
portant source of economy for speeds of rotation upward of 50 
per minute. For compound engines of the Receiver type, using 
steam of about 90 lbs. above the atmosphere, and expanding it 
about 9 times, we have the record of the engine tested by Long- 
ridge (London Engineering, 1882), in which a consumption of 
about 16. Ibs. of steam r was 3 obti ained, 


‘The tests were ite ‘L the tng of con- 
sumption amidst all these conditions was less than 1°. The 
heat balance was within 2¢ in every case. I do not understand 
why this apparently excellent investigation should be omitted 
from the report of the British Research Committee. For en- 
_gines of the Receiver type, expanding steam upward of 16 times, 
with about 120 Ibs. boiler pressure above atmosphere, and mak- 
ing about 50 or more revolutions per minute, the steam con- 
sumption in several reliable instances in America has been 
found to be less than 14 lbs. per horse-power, either when both 
cylinders and receiver are jacketed with live steam, or when the 

- jackets serve as steam-chests for their respective cylinders, or 
when no steam is used in the jackets around the barrels of the 

_ eylinders and no steam around the receiver, but with the heads 
(This was the case 

pumping engine.) For triple-expansion 

a phere, and expanding about 18 times, we as yet have no data 
- without jackets. An excellent test of such a type of engine ‘'s 
that referred to, page 499 of the paper under discussion, as |av- 
ing been made by Professor Shréter at Augsburg. A similar 
engine has been recently tested by Mr. J. T. Henthorn at Prov- 
_ idenee, R. I. In both cases a steam consumption of about 123 
Ibs. per indicated horse- power was found, with jackets on all 
_eylinders and receiver, using live steam. In referring to Sliro- 
ter’s test, page 493, the author quotes its consumption at 15.2 
lbs., and its ratio of expansion as 24. Both of these figures are 
in error. The former occurs in the opening paragraph of Shro- 
ter’s paper, when he speaks of the consumption of the engines 
of the steamship Meteor, tested by Professor Kennedy. The 
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ratio of expansion, taking clearances into account, was only 
about 18. In conclusion, referring to the idea that 20% is to be 
saved by jacketing first-class steam-engines of large size and 
high rotational speed, it should be remembered that the best 
single condensing engines, as built by Corliss and others, expand- 
ing steam about 6 times at 90 lbs. boiler pressure, and in fair 
but not perfect order as regards tightness, can be relied upon to 
yield an indicated horsepower, unjacketed, with a cousumption 
of 19) lbs. of steam. The advent of the compound engine in the 
American mill districts reduces this consumption 20% by expand- 
ing steam 16 times, and the use of a second engine of twice the 
size of cylinder to act as the low pressure portion of the plant. 
If any one knows how to secure 20¢ of saving over the single 
unjacketed engine by simply jacketing it, he has a rich field 
before him in instituting such a saving among the many mills of 
New England still using the single-cylinder engine, but desiring 
to compete in economy with those who have adopted the com- 
pound engine, simply to save this same 207. A “ philosophy” 
regarding the action of the steam-jackets which will lead to an 
understanding of its application by any one skilled in the art, so 
as to save 20¢ of the consumption of first-class non-jacketed 
steam-engines, will be very acceptable. 

Mr, Scoit A. Smith.—About three years since I gave very search- 
ing thought to the question of the value of steam-jacketing in 
order to satisfy my own mind and to incorporate a simple state- 
ment of the reason for its value in a paper on the general sub- 
ject of the steam-engine. The statement was practically this: 
that without the steam-jacket, in any given case, the water of 
condensation in a non-jacketed steam-cylinder goes out with the 
exhaust, and the heat contained in the water is lost ; whereas, by 
the use of a steam-jacket, a practically equivalent quantity forms 
in the jacket space instead of in the cylinder, and returns by its 
own gravity, or is pumped by the power of the engine, back to 
the boiler, thus saving its contained heat. The paper was, at 
the time mentioned, published in the Scientific American Supple- 
ment, 

I find for the first time the same idea expressed in Dr. Thurs- 
ton’s paper as having been given him by J. G. Lawrie, on page 
470, commencing in the last paragraph. Mr. Corliss, by carefully 
conducted experiments, found the value of the steam jacket to 
vary from 7} to 10%, according to the variations of the point of 
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cut-off, within the ordinary limitations in the economical use of 
his simple condensing engines. His faith became so strong in 
the value of steam-jacketing that he used it even on non con- 
densing engines of as small size as 50 I. H. P., and it is speaking 
Within bounds to say that it is quite a universal thing in that 
establishment. I believe that the very philosophic mind of James 
Watt saw clearly the value of the steam-jacket, and that to the 
lesser yet still philosophic mind of Mr. Corliss its advantage 
was fully apparent. It is to be regretted if, through the limita- 
tions of thought and of language, the value of steam-jacketing 
cannot be fitly, fully, and clearly expressed in words. 


Prof. R. H. Thurston.*—I think there is quite enough evi- 
J in now, and do not see why the discussion may not be at 


once closed. The facts seem to me pretty well brought out, 
and each interested reader must draw his own conclusions. In- 
dividual opinion is of no importance, and I am as little inclined 
to urge mine on others as to forego the privilege of doing my 
~own thinking in such matters. The discussion calls up one or 
two new points, however, and I think I may now add a word on 
the financial aspects of the case. 

Taking up the points considered in order: The first speaker 
starts a little out of line. My original statement of my opinion 
—a matter of no importance, more than any other individual's, 
however—was not that “ steam-jacketing could be relied upon to 

secure about 207 less steam consumption than is common to 
engines of good design and first-class economy,” as he puts it, 
but that the saving “in ordinary cases’ may be taken as aver- 
aging about that amount, an essentially different statement, and 
the interpretation of that phrase seemed to me obvious enough 
without further dissertation. Nothing was said by me, or sug- 


” 


gested, about “first-class economy ;” nor was it suggested that 
I, or any other man, believed’ that 20% could “always ” be thus 
gained. Nor have I stated that I believed that “ steam-jackets, 
in every-day practice, are a sufficiently important element of 

economy to warrant the expense of their construction and main- 
tenance.” As stated in the paper, it seemed to me well settled 
that “ the effect of a steam-jacket depends upon the conditions 
of operation of the engine largely, and may be productive of 
marked advantage, or, under unfavorable conditions, of 10 im 
portant useful effect.” 


_""* Author’s Closure, under the Rules, 
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~ The remarks about the crudity of early experimentation are, 
I think, perfectly correct. And inaccurate work was unques- 
tionably carried to the height of absurdity at even compara- 
tively late dates. It seems to me that they reached their climax 
insuch reports as those of Wicksteed, of fifty years ago, in 
which he claimed a duty exceeding that of the best engines of 
to-day —and in excess, even, of those of a perfect, ideal engine 
working under the same temperature conditions—for engines of 
50 and 80 inch cylinders, working in a 2}-hour trial, at but 2: 
and 27 H. P.; and, also, in such reports as that of Rankine on 
the Thetis, in which a consumption of 1.018 pound of coal 
per horse-power per hour was sertously stated to have been ob- 
tained. I presume the fact of the slight experimental knowl- 
edge, in those days, of the wastes of the engine and their theory, 
may be taken as sufficient reason for and justification of such 
curiosities of engineering. Both Wicksteed and Rankine were 
among the ablest men of their time. 

In regard to Hirn’s work, however, knowing the man as I did 
through years of correspondence, which brought out strongly 
that scrupulous exactness of work which distinguished him, I 
am inclined to think that it would be the height of absurdity to 
suppose that inaccuracies in the work referred to could have 
been so great as to destroy the large margin reported in favor 
of the jacket, or any important fraction of it. The Prony brake 
on a water-wheel is a more manageable apparatus than on 
an engine, especially at low speeds; and the wheel itself is 
about as good a measure, a meter, of power and energy as any- 
thing that I know. At Holyoke, Mass., the whole business of 
the water_:power company is based on water-wheels used as 
meters of both water and power. 

In regard to the Greene engine referred to, the boilers used 
were those which were and are still standard. The case has 
little value, however, as positive evidence. 

I think that the remarks about Rankine are mainly right, and 
may fairly be taken to represent the facts of his history. I 
think it evident, to-day, however, that his idea of the initiation 
of cylinder condensation by adiabatic condensation was errone- 
ous, hut was not aware that I had written “in copy of certain 
other writers,” as my friend oddly expresses it. I shall be in- 
terest-\| in looking them up. I well remember my disappoint- 
ment when, in 1860, I bought my first copy of Rankine’s book, 
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and found, after I had gone through its theory of the steam- 
engine, that the results computed were, as it seemed to ie, 
absurd when compared with those of practice then familiar to 
me, and that the book was, for my then purpose, useless. It 
was some time before the discrepancies were all explained and 
‘it became evident that he had developed a correct theory of the 


_ thermodynamics of the machine, and one which only required 


to be supplemented by the physical theory of heat-transfer to 
make it complete and satisfactory. I was in correspondence 
with Rankine for years, up to the time of his death, and think 
that the Michigan experiments, more than those previously made 
by Clark and Hirn, had begun to reveal to him the real action 
of the real engine; but his treatment in his book was never 
- changed—and has not been to this day. It still assumes to 

- compare ideal cases with real performance. 
it fully agree with the speaker that that great man, had he 
lived, would have been found fully conversant with the later de- 
velopments of research, and most probably, I would add, among 
the first to incorporate them into his philosophy of the engine. 
It is not at all to his discredit that he did not “know it all” a 
generation ago. Some of us may, without discredit, admit that 

we do not know it all, quite, yet. 

‘The facts here given us in reference to later research and prac- 
tical experience are interesting. It is unfortunate that we could 
not have many more such. They all help us secure more defi- 
nite ideas of the real physical phenomena involved. I am espe- 
cially interested in finding such confirmation of my deduction: 
“ High-speed engines derive less advantage from its application 
than slow-moving machines ; and compound or multiple-cylin- 
+ der engines are jess dependent upon it for economy than are 
- simple engines ;” and, generally, that the nearer the wastes of 


less the advantage of that appurtenance. 

I had, of course, observed the fact that it often happens that 
 unjacketed engine than in the jacketed machine, and had ac. 
counted for it to myself by the facts that the constant load and 
speed of the engine caused it to work thus, as a consequence, pri- 

marily, of the larger proportion of work done in the case of the 
jacketed engine during its expansion period and accidental! con- 
ditions, Culling out such discrepancies and apparent delects, 
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however, I think there still remains a large amount of unques- 
tionable evidence and much interesting and instructive fact. 
The result of such study of these experiments of earlier and 
later days often throws a doubt upon the exactness of the 
reported figures; but usually the probability of error would 
tell as often against as for the use of the jacket; but, as it 
happens, the evidence runs very largely the other way under 
the conditions which I have stated to be favorable to its 
employment. 

The article contributed by Professor Ewing to the Encyclo- 
pedia Britannica does not state, or intimate, that he was led to 
give the figure, 25% saving, by the study of Mair’s trials only; 
nor was I “ largely guided by the Britannica article in claiming 
20° as the saving by jackets on simple mill engines.” That 
statement takes altogether too much for granted. The 20¢ 
stated by me was simply the figure which had been given gradual 
definition in my own mind in the course of thirty years of prac- 
tice, experience, and reading and observation, and would natur- 
ally refer to the general results of experience during that 
time, not to to-day and to engines just set at work. [Professor 
Ewing’s statement of 20 to 25% was noted, later, as corrobo- 
rative, though more radical than mine. What he does say is: 
“Experiments made with and without a jacket on the same 
engine have shown that jacketing may increase the efficiency 20 
or 257.” 

I agree, in the main, with the final sammary of this disputant, 
not excepting the suggestions that either a “ philosophy” or a 
practice which will save 20% on “ first-class steam-engines of large 
size and high rotational speed,” having no-jackets, “ will be very 
acceptable,” and that the engineer who knows how to secure 
such saving among the many mills of New England “has a rich 


field before him.” My own impression is—and I express it very 
diffidently under the circumstances and in such presence —that, 
as I have already remarked, “ this accessory may, under different 


circumstances, prove a decided advantage, an unimportant ap- 
purtenance of the engine, or, even, under exceptional conditions, 
deleterious to efficiency.” 

Now as to the finance of the case : Take even the least favora- 
ble results of which the facts are exactly known to us. I imag- 
ine that the work on the Pawtucket engine was done as carefully, 


and the results reported as accurately, as those from any trials 
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on our list. It would be interesting to ascertain whether the 
small effect of the jackets in this case, both on duty and 
reducing the still somewhat heavy cylinder condensation, is 
due to defect of construction or of operation, or to a really 
high resultant efficiency of dry steam. Take them as showing 
that, with thoroughly dry steam, in a compound engine even, 
no more than 3° gain may be expected from the use of the 
jacket. Suppose such an engine working, as it ought, at least 
6,000 hours in the year, the duty to average 120,000,000, the 
coal for I. H. P. per hour thus to be 1.63 Ibs., and the total 
per annum, in round figures, 750 tons for 150 H. P. ~ The 
saving of 3% on this weight, at 35 per ton, for such coal and in 
New England, would be about 12% on $1,000, an excessive esti- 
mate of cost added by the jacket; and the incidental advantages 
of reduced risks from water in the engine, of cracking by sudden 
changes of temperature on starting and stopping, ete., may be 
thrown in. I imagine, on figuring up the costs and returns, 
it will be found an advantage to use the jacket, assuming it 
properly designed and attached, in very many cases where 
“faa it has not been thought of. But on high-speed 
engines of large size, and especially on high-speed compounds 
of considerable size, I imagine it would usually be of question- 
able value. The above would mean a splendid investment. 
But a gain of even 1¢ in New England in some cases may, I 
think it possible, prove worth accepting. Ten per cent. is a 
gain which can rarely, I think, be wisely rejected ; for the neces- 
sary cost of the jacket is small, and its maintenance need not 
give rise to any expense if properly constructed and operated. 
I imagine that steam jacketing will have a place in steam-cngin- 
eering for some time to come, under what are coming to be 
recognized as its proper conditions of action. The experience 
of Mr. Corliss, as he gave it to me at times during an almost 
life-long acquaintance, may perhaps be that of many other 
builders. He resisted the introduction of the steam-jack«t, as 
he did that of the forged shaft and other innovations, for a long 
: time ; but he came to it finally, and improved his work coutinu- 
ally. I am prepared to see at an early date, however, high 
speed of rotation, compounding, and superheating moderately, 
so common and usual in practice that the jacket may, in time, 
drift out of use again. It should be noted that, in cases above 
referred to, where the expansion without jacket is greater than 
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with, the fact adds to the gain to be observed with jacketing, as 
the expansion is, In such cases, probably greater than is eco- 
nomical. 

L hope that in this matter I shall not be classed with those 
referred to in the sub-title of Whistler’s famous book, in which 
the author speaks of instances “in which the serious ones of this 
earth, carefully exasperated, have been prettily spurred on to 
unseemliness and indiscretion, while overcome by an undue 
sense of right.” I am satisfied to accept facts, whatever their 
complexion or source. 
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TOPIUAL DISCUSSIONS AND INTERCHANGE OF 
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No. 436-85. 


Is there auy reason why corrosion should be more active in oue place rather 


we 


than another, inside a steam-drum properly piped to conuect several boilers ina 
battery ? 


Mr. Jas. MeBride.—TYhe accompanying illustrations (Figs. 


177, 178) show the setting and connecting drum of a return tubu- 
. . 
- lar boiler such as we use in our chemical works. 


I have noticed a very great corrosion in the drums in the last 


* Presented at the Richmond meeting of the American Society of Mechanical 
Engineers (1890), and forming part of Volume XII. of the Zransactions, 
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few years. I watched it carefully until it reached a point which I 
considered dangerous, and IT had new drums made to replace the 
old ones. I cut out a number of specimens from the old drums, 
which are exhibited at the meeting, and I would like the members 
of the Society to examine them. I found that the corrosion was 
not confined to any particular place. Immediately above the 
points where the steam entered from the several boilers I found 
bad corrosion, spots corroded almost through, and in one case 
entirely through. At the point A, on the side of the drum, is a 
row of rivets, near which the plate is badly corroded. Other parts 
of the drum—sides, bottom, and top—are badly corroded, 
shown by the specimens. The drum is made of iron plate. A 
piece of 4inch pipes, taken out somewhere along in the line of 
steam-pipe, shows the same corrosive action, so that you will see 
that it is not confined to the top, or bottom, or sides. The water 
used in these boilers, the Ridgewood water, is said to be the best 
in America. I used this water exclusively, and a percentage of 
it is the water which is returned from the coils of my vacuum 
pans. I do not know exactly what percentage—probably 20¢ 
—maybe not so much as that. These boilers carry 60 to 75 
pounds of steam. Ido not think the boilers are overworked. 
We are evaporating, as near as I can remember, about 7 or 8 
pounds of water per pound of fuel. There are seven boilers con- 
nected with this drum. 

Mr. Allan Stirling.—1 would like to have Mr. McBride repeat 
that statement. How many pounds of water to pounds of coal? 

Mc Bride.—Between 7 and 8 from and at 212. 

Mr. Stirling.—Per nel of combustible or per pound of 
coal ? 

Mr, Mc Bride-—Well, per pound of coal, I think. I do not re- 
call whether these are the figures or not. I am not sure. 

The Chairman—The boilers appear to be 21 inall, in batteries 
of 7, each battery connected to its own separate steam-drum. 
The corrosion he speaks of is in many instances directly oppo- 
site the orifice in the top of the shell through which the steam 
passes into the drum. In some cases it is on one side and in 
some cases on the other side of the drum, and in some cases it 
is at the plates where the rivets are. The material is boiler 
iron and the action is one that is very peculiar, and one of which 
perhaps some other gentlemen here may have some experience 
that will throw some light upon it. 
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Mr. Geo. R. Bablitt.—I would like to inquire if the 20% of dis- 
tilled water contained any grease ? 

Mr. McBride.—1 think not. I do not think I use more than 
about a quart of oil in each engine per day. The cylinders are 
30 inches in diameter, 5 feet stroke, running 53 revolutions a 
minute. There is not the slightest indication of any deposit of 
oil on the tubes or shell of the boiler, as usually occurs where 
large quantities of cylinder oil are used. : 

Mr. Babbiit.—There is no fat or tallow used at all ? - 

Mr, McBride.—No, sir; none. LI use the best cylinder oil I 
ean get. There is no foreign substance that I know of, of any 
kind. 

The Chairman.—It might be interesting to know if any cor- 
rosion takes place below the water-line. 

Mr. McBride.—Not a particle. ‘The sheets are as clean and 
bright when cleaned as the day they came from the mill. It 
begins at the point at which the steam leaves the boiler. We 
find the connecting pipe corroded and eaten up in places. ‘The 
corrosion seems to commence at the boiler and continues rivht 
on to the end of the system of steam-piping. 

Mr. Babbitt.-—Not in the boiler-plates at all? 

Mr.. McBride.—Not in the boiler-plates at all; only in the 
drum. 

Mr. Babbitt-—lt oceurred to me that possibly it might be some 
fatty or animal oils which caused the corrosion. Such oils will 
corrode iron. That has been my experience. 

Mr. Carleton W. Nason.—I would like to ask Mr. McBride 
whether or not, in such extensive corrosion as that, there lias 
ever been any analysis made of the water. Dealing in logwood 
as he does, there is a suggestion, at least, of the possibility of 
there being a leak of tannic acid into the water. That, of course, 
would be shown by analysis. As shown in the sketch, and on 
the piece of iron, the greatest corrosion has occurred directly 
opposite the inlet point where the particles of water woul: be 
carried against the drum. The amount of corrosion there is 50 


excessive that it would seem necessary to look to some special 


vause other than what would be found in the water, there cing 

nothing but Ridgewood water, and one would look for the same 
experience in other water. 

Mr. Mec Bride.—Yes, sir. Thad our chemist analyze the water. 

; I suspected something of the kind myself. I have had it an- 
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alyzed at different times, but found no foreign substance in it 
whatever which we could think would produce that result. We 
would take a specimen of the water as it is drawn from the 
hydrant and take a specimen of the feed-water and analyze them, 
and we found no practical difference. 

Mr. Nason.— Did I understand you to say that there is some- 
thing like 25% of warm water going back into the boiler? 

Mr. Me Brid-.—Yes, sir ; but that has bee: analyzed separately 
and we found nothing in it. 

Mr. Paul H. Grimm.—t had a similar experience in the de- 
struction of steam-pipes and fittings, and I have attributed 
those things at the time to entrained water in the steam passing 
through the pipes under the influence of wire-drawing, the par- 
ticles of water being projected against the elbows. I have 
known large elbows to be cut through entirely. Now it has 
occurred to me, because the steam-drum is only 24 inches 
in diameter and the direct nozzle looks up to the upper side 
of the drum, that there may be entrained water enough in 
the steam to be projected against the upper side, and thus 
cause the destruction shown by impact of the entrained water 
against the inner surface of the steam-drum. I do not know 
how Mr. McBride takes off his steam from that drum. The 
water circulating around in the drum being agitated by the 


different currents of steam going in there, may possibly have 
a destructive influence. I know that it would, directly opposite 
where it comes in; at least, such has been my experience. 


The Chairman.—The suggestion of the gentleman would be a 
very good one if it were not the fact, as stated here, that the 
same trouble occurs on the side of the drum. 

M. Louis G. Engel.—1 can corroborate what the gentleman 
has said. I have had the same experience. We have had 
elbows half an inch thick of cast iron cut through inside of two 
months, end this is constantly occurring, due to the impact of 
the particles of water in vapor. Our practice is just the same 
as that of Mr. McBride, and we are half a mile from him. We 
use the distilled water in the same way from the pans, and 
probably a much larger quantity in proportion, and we have 
hever had any pitting whatever. I think it might be due to 
what the other gentleman has said, that the water is thrown into 
a fountain by the entering steam. The water which collects in 
the bottom of the pipe is thrown up against the sides, In fact, 
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I have taken some measures to prevent that very thing. Our 
boilers are piped as shown in the illustration (Fig. 179), which 


Steam is taken out of the drums of the boilers A 4A and 7? 72}, into 
a settling drum, (, from which we take the steam out into a 
main by the pipe J). Now there is considerable water collecied 
in this drum, (. I know it is there, because we have trapped it 
out. And I believe, when water is allowed to congregate there, 
it would be thrown up in a whirl by the entering steam, and our 
lack of evil effects is due to the size of the drum (. We have 
put nozzles in at  F of such a height that the a steam 
would not agitate the water which we drain off. I do not see 

but that local abrasion oe be a ene result of having a 


j represents one battery of two Babcock & Wilcox boilers, 


A A 


Fic. 179. 


series of pipes enter the bottom of a drum, especially if the 
steam contained water and had been thrown into complicated 
currents by elbows and changes in the diameter due to putting 
screw fittings on to wrought-iron pipe. 

The Chairman.—\t would be interesting to know how the cast- 
iron of the fittings has been affected, as I take it that the elbows 
referred to by Mr. Grimm were of cast-iron. 

Mr. McBride.—They are affected very much in the same way. 
I find that they corrode through, and, while they last four or five 
times as long as the wrought-iron pipe, they do perish just the 
game as the other. In reference to the water and steam being 
- thrown out in a fountain against the shell of the drum, I found 
that above some of the outlets from the boiler the shell is yood. 
It does not appear to be attacked above some of the outlets at 
all, except in very small spots, You will notice a piece of eight 
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inch pipe among the samples. You will find that it is eaten all 
around. The heads of the rivets where the cast-iron nozzles are 
riveted on are entirely eaten off. The cast-iron flange goes on 
there, and the rivets are driven on the inside. I venture to say 
there are probably not half a dozen of these rivets in the drum 
which are not nearly eaten off. 

Mr. Allan Stirling.—\ would like to ask Mr. McBride if there 
was any copper in his condensing apparatus where this con- 
densed steam came from ; if he has made any calorimeter tests 
of his steam to find if the steam was dry. There may be three 
causes for this: First, the presence of some action due to the 
copper ; second, the impact of water in the steam; or, third, 
the presence—if this steam is very dry —of mechanical electricity 
developed in that way. 

Mr. Charles Sperry.—As a case illustrating the corrosion of 
cast-iron elbows, I will say that on the steamer /ristol, of the 
Fall River Line, the steam entered the lower end of the steam- 
chest through a cast-iron elbow of about three feet in diameter. 
On taking this elbow off I found that, at the centre of the outer 
curve of the elbow, the iron was less than one-eighth of an inch 
thick. The thickness gradually increased toward each end and 
around to the inner curve of the elbow to about three-fourths of 
an inch. 

Mr. McBride.—In answer to the gentleman's first question, I 
would say that the condensed water which I take back comes 
from copper coils, from copper pipes, and also from a brass coil 
in a Berryman heater. In regard to the second question, I 
would say that, last summer a year ago, I made over forty calo- 
rimeter tests for the quality of the steam, and I found they ran 
all the way from } of 1¢ up, I think, in one case, to nearly 9¢. 
Those were taken under all conditions of work, with no load, 
with heavy load, with high water in the boilers, with low water 
in the boilers, with heavy fire and low fire, and under all the 
working conditions, and the average of the moisture—if my recol- 
lection serves me—was 4,5,4. 

Mr. Wm. M. Barr.—Judging from the plates now on exhibi- 
tion, together with the sample of pipe now being passed around 
for examination, it does not seem to me that the pitting or cor- 
rosion in either could be due to impact. The sample of plate 
indicates chemical action and nothing else, and so also does the 
sample of pipe. Iam somewhat incredulous about the impact 
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theory. I believe that it is entirely due to chemical action, aud 
that the causes which lead to this chemical action can be traced 
directly to the feed-water. 

Mr. Jno. T. Hawkins.—I am not at all incredulous as to the 
impact theory in this case. If the author of this topical query 
has made any investigation of the system of currents which are 
set up in these cases, possibly the particular located corrosion 
may be accounted for by him, although I do not think it at all 
necessary that we attribute it to entrained water. It seems to 
me, from an examination of the specimens, I should reason some- 
what in this way: We know that in the interior of the boiler 
there is no such thing as a clean metallic surface. We know 
that the interior of both the steam and water spaces is covered 
with a coating of oxide, and we also know that currents of steam 
such as would be set up in those nozzles and in the drum would 
have the effect of removing that oxide, perhaps in an insigniti- 
cant degree, for any short time; but, as boilers are running for 
weeks and months and years, if this oxide is removed in an in- 
sensible degree in certain places by the action of these currents 
during activity it becomes reoxidized when not in use, and this 
process, carried on for a long period of time, would produce the 
results shown. Now it oceurred to me, from an examination of 
these specimens, that I could see just how the currents might be 


set up in this drum such as would produce exactly the effect in 
this plate exhibited, in which a channel is corroded along the 
seam, and I will endeavor to point it out on the black-b ard. 
In the first place, Mr. McBride says that the corrosion com- 
mences at this point, and that it is in this first elbow and then 
in that—the second from the boiler; and, finally, he finds the 
worst ease, I think, directly over the opening into the drum. 


Now it seems to me that, with the steam passing out of the 
boiler into that first elbow, the first impact it makes is at the 
top of that elbow. That would be the first point where the ap- 
paratus would be worn away by the steam. Then it is deflected 
and strikes the second elbow, and then the third, and so on. 
Now we come to the case in which the corrosion occurs :\ong 
the seam of the drum. We can readily suppose that the steam, 
as it comes against the top of the drum, is deflected both ways, 
and, in passing out to the engine, establishes a rapid horizontal 
current somewhere in that line of rivets. We may believe that 
there must be a great many currents set up which would pro luce 
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these, effectually wearing away the oxide while in action only 
to become reoxidized again when the action ceases. I would 
like to ask Mr. McBride if he has, in investigating this subject, 
fizured out to himself whether the currents of the steam in these 
parts, as entering at the point shown and leaving at a point 
distant from it, would establish where the point of wear or ap- 
parent corrosion should take place 

lr, Lk. B.C. Davis.—The action of steam suggested by the gen- 
tleman is very similar to the action of mine-water, and I have often 
been struck with the same action in mining-pumps and mining- 
pipes. Wherever the water is perfectly quiet, no matter how acid 
it is, the iron will protect itself by a scale, or what you might call 
almost a s‘ab, of oxide and other foreign matters accumulating 
with the oxide, and that iron will remain for years. I have 
known a pump which was in an abandoned mine which remained 
under water twenty-one years, and when we had occasion to take 
that pump out, we found the iron was in a perfect state of preser- 
vation. I put that pump in another colliery and it worked very 
well, and wore out, as all pumps do. That is an illustration of 
how long it will stand where there is no cutting action of the 
current. But in pumping the same kind of water wherever there 
is a bend or any disposition of the water to run past any surface 
so fast that the coating of oxide cannot accumulate, the action 
of the water bares the surface of the iron, removes the coat of 
oxide, and the iron is eaten so very rap:dly that it is almost 
impossible to pump mine-water under those conditions at all. 

Now that seems to me to be a very good way to account for 
this action. If we cannot arrange to have the currents of steam 
to suit the points that wear out; or, on the other hand, if that is 
the case and this is perfectly pure steam, why is it that all our 
steam-pipes do not wear out all the time? Now we all know that 
steat-pipes running to shop-engines have lasted for a life-time, 
elbows and all; so that the argument does not seem to hold good 
all through. 


Tie Chairman.—With regard to the pump of which you spoke, 
in the mine, the absence of oxidation, or, rather, the continuation, 
was it not due to the fact that there was no air there, and that 
the pump was entirely submerged ? 

M. Davis.—No, sir ; wherever there is sufficiently rapid action 
of the water the iron wears out very fast. 


Thy Chairman.—Was the pump in operation? 
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Mr. Davis.— Yes, sir; but while the pump was still there was 
“no action whatever. The pump which was under water twenty- 
one years, was, of course, an extreme case. 

Mr. F. Meriam Wheeler.—1 am inclined to agree with Mr. Barr, 
that chemical action has something to do with this trouble. 
“These samples of iron certainly show it, and makes me think 
very much of the looks of condenser tubes which have been 
injured by galvanie action. 

_ Possibly the water Mr. McBride uses may be impregnated 
with acid, and cause pitting and eating away of the iron. I know 
that salt waters having certain chemical qualities will often make 
trouble with surface condensers. 

Mr. Scott A. Smith.—The disintegrating action which I see has 
ti aken place on this piece (a piece of the boiler-shell including a 
-geam) seems to me to be easy of explanation. There is going on 
in the iron of all steam-boilers what may be called an insensible 
vibratory motion which would be accented in each sheet near the 
‘seam, as there it would tend to terminate. This furrowing, or 
disintegration, usually takes place at the water-line, and would 
be aided by this action when there is present, in the water used, 
any substance having a tendency to unite chemically with the 

iron. This so-called chemical action may be a part of a galvanic 
, action, providing that there is connected with the boi er, in some 
manner, either copper or brass. 

Mr. Geo. R. Henderson.—That is very similar to a case at Nor- 
folk. The lower portion of the tubes covered by the water was 
perfectly sound, but the upper part was eaten away in a few 
months. I think it would be interesting if Mr. McBride would 

state if there was any scale formed on the inside of the boiler. 
Mr. Me Bride.—No, sir. 
_ Mr. Nason.—Is there any indication of water lying in the 
bottom of the drum ? 
McBride.—No, sir; the water cannot lie in the bottom of 
the drum. 

Mr. Nason.—There is steam there at the same time, though. 
_ Was there any corrosion on the bottom of the drum ? 

McBride.—Onh, yes, sir ; on the bottom of the drum as well 
as the top, and all over. 

Mr. Scott A. Smith—I would like to ask if they have experi- 

: mented by hanging zine plates to prevent this action ? 

Mr. McBride.—No, sir, we haven't. 
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Mr. Smith.—It seems to me it must be due partly to chemical 
and partly to galvanic action, the action being between the iron 
and the copper or brass ; and if zine plates were hung in the boiler, 
then the action would be on the zine instead of on the iron, thus 
saving the boiler. 

You replied to my question about water, that the water con- 
tained no acid any more than was generally the case. Any acid 
in the water would facilitate such an action very materially. 
That is the way that you go to work to produce such an action, 

Mr. Hawkins.—It is quite a common thing in the old-fashioned 
steam-boat boilers with a high vertical drum, or steam-chimney 
as it was called, with the steam taken from near the top, the 
steam having to circulate around the narrow space between that 
part of the shell proper forming the lower part of the chimney 
and the outside of the drum, so that it would come together as 


a current and impinge against the drum around the steam-pipe 


opening, to corrode the boiler just immediately around the flange 
where the pipe is attached. Ihave seen three or four cases in 
my experience where it was just as clearly marked as in any of 
the cases now shown. It seemed to be clearly attributable to 
the currents formed by the steam in passing out of the boiler. 
In this particular case of the corrosion under the line of the 
rivets, there seem to be ridges transversely to the groove, and 
as germane to the suggestion of the successive formation and 
removal’ of oxide, I think that this effect may be very easily 
accounted for on this same theory of the action of currents of 
steam, from the fact that I think if the specimen is examined we 
will find that the plate is rolled in a direction transverse to the 
line of rivets, and the natural formation of fibre in the wrought- 
iron plates from puddled iron, which we all know takes place as 
due to the mixture of scoria remaining in all such iron, that it 
would produce exactly that appearance even if the oxide were 
removed by the operation of the currents, as I have suggested, 
the ridges of scoria being less easily oxidized than the iron 
pre yper. 

Mr. Davis.—While I suppose, as several gentlemen said, that 
the indications go to show that this is an acid action, and that 
acil action is given opportunity to take effect by the cutting 
action of the steam in removing the scale, I cannot help being 
reminded of several instances that I think would prove that that 
Would not be likely to be the case. I know quite a number of 
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it is impossible to cet water which is not impregnated with sul- 
phurie acid. These boilers suffer from this water to such an 
extent that they can only use the engines periodically. That is, 
they have to change to other places where the water is purer. 


3 in going through the shop and repairing these boilers it is 


found that the damage is done almost exclusively very much 
below the water-line—in fact, on the very bottom of the boilers 
‘The acid seems to be a little heavier than the water and settles 
down, and steam-spaces have never, from my observation, been 
affected in the least by this. I do not believe that the acid 
evaporates with the water. The water evaporates and the acid 
is left behind. In the case of colliery boilers the water used 
frequently highly acid, so that the boilers are expected to vive 
out ina short time. The acid in this way cuts the boilers away 
below and at the water-line, very badly; but it has no appreci- 
able effect upon the pipes or upper part of the boiler. We used 
wrought-iron steam-pipes for years to carry the steam to the 
mines, when the boilers used had to be renewed. That does not 
look much as if it were acid in Mr. MeBride’s case, because it 
a not act in the same way. 

The Chairman.—I think the members would like to hear from 
Mr. McElroy. 

Mr. Samuel McElroy.—I do not think I can add anything to 
the discussion. I have followed it with a certain theory in mind 
_ which does not explain the effects here stated, and this is, that in 
our experience with cast-iron pipes there is sometimes a very 
rapid tubereulation, which results from chemical action on the 

earbon. That is the conclusion at which we arrived after a good 
deal of study. It was supposed that it was due to the quality 
of the water, but it seems quite clear that it is the quality of the 
iron in the pipes. I can hardly trace much connection between 
that theory and the particular phenomena described to night. 
Still, there may be certain portions of those plates containing 
more carbon, or some other ingredient of the kind, which would 
lead to a more rapid corrosion, boiler-plates being especially 
subject to ordinary tuberculation. 
Mr. Webster.—It seems to me that chemical action has some- 
thing to do with the corrosion. I have a set of eight boilers, 
the setting of which is identical and the piping identical wit!: the 


_ eases where locomotive boilers of the Philadelphia & Reading 
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sketch on the board except that the drum is 36 inches in diam- 
eter, and the four-inch pipes, instead of connecting in at the 
bottom, connect in at the side of the drum. The steam is taken 
out at one end through a ten-inch pipe. I would say that these 
boilers have been running with the same pipe and the same drum 
for fifteen years. Previously the drum had been used on a 
battery of Harrison boilers for about four years. Just about 
the time of the change in boilers the system of the works was 
also changed, so that all the water from the coils of vacuum pans 
was run into a separate tank to be used for other purposes, and . 
did not go back to the boilers at all. 

The Chairman.—I would inquire if you have any theory to 
account for the fact that the top of the shell of the boiler is not 
affected in any way. 

Mr. Webster.—I think that is due to the difference between the 
motion in the pipe and that in the boiler—that the currents are 
very much more severe in the pipe than in the boiler. wv * 6 
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REPORT OF COMMITTEE ON A STANDARD METHOD 
. OF CONDUCTING DUTY TRIALS OF PUMPING 
ENGINES. (REVISED FORM.) 


To the American Society of Mechanical Engineers : 
The committee of five, who were appointed at the Nashville 
meeting of the Society, held in May, 1888, to determine upon a 
standard method of conducting duty trials of steam pumping 
engines, have endeavored to carry out the work intrusted to 
them, and they beg leave to report upon the same as follows: 

1. The need of a uniform system of determining the perform- 
ance of pumping engines is widely recognized, and it has already 
been commented upon at such length in the Paper and Discus- 
sion which led to the appointment of the committee, that but 
little requires to be added here. The main objects to be secured 
by the proposed standard method seem to be, first, to establish, 
for the benefit of members of the Society, and of others who care 
to use it, a mode of determining the performance of pumping 
engines, which may guide them in making tests themselves, and 
which, in contracts between builder and purchaser, may be 
specified as the mode to be followed in determining whether or 
not the guaranteed duty of the engine is realized ; and, second, 
to furnish a common basis on which to compare the economy 
of different engines. 

2. The committee has taken it for granted that the seope of its 
work extends over the whole field of duty trials, and that it is 
not confined simply to devising a suitable method for carrying 
on the operations of making the test. 

It requires only a brief examination of the subject to see that 
much of the present variety of results which are obtained, and 
which it is desirable to overcome, is due to the varied nature of 
the coal unit upon which the duty is now based. In the east- 
ern section of our country the unit of “100 lbs. of coal” may 
refer either to Cumberland bituminous coal or to antlhiracite 
coal, and in the middle or western section to Pittsburg, IIli- 


* The following report, presented first at the Cincinnati Convention, May, 1890, 
has been revised by the committee in the light of criticism made in discussion of 
it, and is now published as the final views of that committee, with the discussion 


appended to it. 
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nois, or Ohio bituminous coal. In some localities the fuel may be 
petroleum, natural gas, coal screenings, tan-bark, or sawdust. 
There is a wide difference in the evaporative efliciency of these 
various fuels, even when of good quality, and differences of qual- 
ity in the same grade of coal are the cause of still greater di- 
versity. These variations in kind and quality of fuel, which are 
significant in no small degree, make the old standard unfit either 
for a commercial or a scientific basis for duty ratings. It is pro- 
posed, therefore, at the outset, that the existing unit, “100 lbs. of 
coal,” be abolished, and that, in its place, a new basis, “ 1,000,000 
heat units,” be established. The new unit is the precise equiv- 
alent of 100 lbs. of coal in cases where each pound of coal im- 
parts 10,000 heat units to the water in the boiler, or where the 


10.000 
965.7 
per pound of fuel. This evaporative result is readily obtained 
from all grades of Cumberland bituminous coal, used in hori- 
zontal return tubular boilers, and, in many cases, from the best 
grades of anthracite coal. The proposed new unit is thus, in 
reality, though not in name, in close accord with the existing 
unit, and, furthermore, it retains its numerical simplicity. 

3. Considering that the two processes by which steam is gen- 


evaporation is = 10.355 lbs. of water from and at 212 


erate and used are wholly distinct and independent of each 
other, there is a natural line of separation between the work of 
the boiler and that of the engine, and it is impossible to deter- 
mine their individual economy if treated as a whole... There is 
reason here for separating the performance of the engine, in the 
proposed standard, from that of the boilers, and this mode of 
independent treatment is the one which the committee recom- 
mends. An additional reason for this course is found in the 
somewhat extended practice, among those who purchase pump- 
ing engines, of obtaining the boilers from independent builders. 

Tn order that a contract may be brought into accord with this 
provision, where t::c complete plant is furnished by one party, 
it would be framed with two clauses relating to the performance, 
one referring to the duty of the engine proper, and the other 
referriny to the evaporative duty of the boilers. 

4, Starting with a heat-unit basis of computing duty, it is pro- 
posed to make the computation from the quantity of heat sup- 
pliel to the complete plant; using not only that supplied to the 
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engine cylinders, but that supplied to all the accessory parts of 
the engine, such as the steam-jackets, the donkey feed-pump, the 
independent air-pump, if this be driven with steam, and any 
other apparatus using steam which is necessary to the operation 
of the engine. It is recommended that the scope of the test be 
made so broad that, for the sake of completeness, the quantity 
of steam which passes through the cylinders of the engine 
be determined independently of that used for other purposes, 
and likewise, that the quantity of steam used by each accessory 
part of the engine be also determined. In contract tests, if a 
steum-pump be used for the boiler feed-pump, the quantity of heat 
supplied for operating this apparatus is to be included in thie 
total quantity, not only in cases where both boiler and engine 
are supplied by one party, but also where the boiler is furnished 
by a separate contractor. In this connection it should be added 
that if the engine contractor does not furnish the boiler feed- 
pump, he should be permitted to specify, if he desires, the kind 
of feeding apparatus which shall be used during the test. 

The heat-unit method requires that the actual total heat of 
the steam shall be known, and for this purpose allowance will 
necessarily be made for any moisture or superheat contained by 
the steam furnished to the engine. 

5. In determining upon a suitable method of measuring the 
amount of work done, which involves a measure of the quantity 
of water discharged into the force main, the committee have en- 
deavored to find one which may be employed universally, and 
which may, in a reasonable manner, serve the ends of the builder, 
purchaser, and all interested parties. Plunger displacement and 
weir measurement have heretofore been the common means of 
ascertaining the quantity of water discharged. The use of a 
Venturi tube, so called, inserted in the force main, has been 
advocated, as also the employment of nozzles, or other similar 
means of indirect determination. [Ses Appendix. | 

The objection to the plunger-displacement method is that, on 
account of “slip,” which, as the committee understand, covers 
all the losses due to leakage of plunger and valves, to the return 
of water through the valves during the interval of closing, and 
to imperfect filling of the pump, the quantity calculated is greater 
than the actual discharge, and the method does not afford, i 
contract tests, the protection to the purchaser which his i: terest 
demands, The objection to the indirect modes of measurement, 
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as by the use of weir, tube, or nozzles, is that the person making 
the test must educate himself in the manipulation of the appa- 
ratus chosen, so as to be himself assured of the reliability of the 
data; and, furthermore, whether thus assured or not, he must 
compute the desired quantities by the use of coefficients, the 
accuracy of which he cannot himself verify, and which may not 
exactly apply to the precise conditions relating to the individual 
case in hand. There is no method thus far used or advocated 
which is not open to some kind of objection, and the committee 
are obliged to recommend a course which, though subject to crit- 
icism, appears to reduce the objectionable features to a minimum. 

In view of the fact that the number of foot pounds of work 
done by the pump is the vital thing to be considered, it is pro- 
posed that the plunger displacement system of measurement be 
employed ; and, further, that the purchaser’s interest be protected 
by the determination of the amount of slip in the pump, so far as 
slip is produced by leakage of the plunger, especially in pumps 
with inside plungers, and leakage of valves, if this occurs through 
faulty design. It may be said that, if it were not for leakage, the 
pump itself, in well-constructed engines, would undoubtedly 
furnish the most reliable meter which could be had, of the quan- 
tity of water discharged. A satisfactory determination of the 
approximate extent to which leakage occurs does not present 
serious difficulty. 

In deciding upon this mode of measurement the committee 
does not for a moment underrate the importance and desirability 
of measurement by weir, tube, or nozzle, whenever either of 
these can be employed to advantage. It is strongly recommended 
that these additional measurements be undertaken in all cases 
where it is practicable to do so, that the results of the test may 
be supplemented by the additional data thus obtained. [See 
Appendix. | 

6. In determining the quantity of work done by the pump, the 
committee recommends that the work of overcoming the friction 
of the water in passing through the passages and valves in the 
pump should not be included in the desired total; but that the 
work expended in friction of both the force and suction mains 
be included in that on which the duty is computed. It is held 
that the efficiency of the engine should not be made dependent 
upon any condition which is foreign to itself, and that the builder 
of the engine should be held responsible only for the work done 
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from the time when the water enters the pump to the time when 
it leaves it. The purchaser, it should be observed, should guard 
his interest in the matter by having the mains furnished of such 
capacity as to reduce their friction to a minimum. 

To carry out these provisions, the data to be determined, apart 
from that relating to the plunger displacement, are the indication 
of a pressure gauge attached to the force main, that of a vacuum 
gauge attached to the suction main, and the vertical distance 
bultoen the centres of the two gauges. 

It is recommended that no air be allowed to enter the pump 
cylinders during the progress of the test, thereby removing all 
possibility of imperfect filling. If it is necessary, in special 
cases, for air to be “snifted in,” this should be regarded as a 
defect in the action of the pump, which should be noted by the 
expert in his report, and such allowance should be made for the 
imperfect filling, due to the presence of air, as may be deter- 
mined upon by an examination of the indicator diagrams taken 
from the pump cylinders, or from other data which may be 
secured. 

The necessary data having been obtained in accordance 
with these recommendations, the duty of an engine, and other 
quantities relating to its performance, may be computed by the 
use of the following formule: 


Foot pounds of work done 


1,000,000 
Total number of heat units consumed 7 - 


_A(Pip+axLxN 


H x 1,000,000 (foot pounds). 


C x 144 


Ie 
2. Percentage of leakage 


x 100 (per cent.). 


3. Capacity = number of gallons of water discharged in 24 hours 


_Ax L x N x 7.4805 x 24 
Dx 


4. Percentage of total frictions 


‘ulin 


A(P +s)x LxN 


x 1) 


[1 A(Ptp+ax Lx x 100(per cent.); 


A, x M.E.P. x Ly x Ny 
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or, in the usual case, where the length of the stroke and number of 

strokes of the plunger are the same as that of the steam-piston, this 

last formula becomes: 

A(P + p + 8) 

A, x 

In these formule, the letters refer to the following quantities : 

A = Area, in square inclies, of pump plunger or piston, corrected for 
area of piston-rod, (When one rod is used at one end only, 
the correction is one-half the area of the rod. If there is 
more than one rod, the correction is multiplied accordingly.) 

- Pressure, in pounds per square inch, indicated by the gauge on 
the force main. 


Percentage of total frictions 1— 


| x 100 (per cent.). 


- Pressure, in pounds per square inch, corresponding to indica- 
tion of the vacuum gauge on suction main (or pressure gauge, 
if the suction pipe is under a head). The indication of the 
vacuum gauge, in inches of mercury, may be converted into 
pounds by dividing it by 2.035. 

- Pressure, in pounds per square inch, corresponding to distance 
between the centres of the two gauges. The computation for 
this pressure is made by multiplying the distance, expressed 
in feet, by the weight of one cubic foot of water at the tem- 
perature of the pump well, and dividing the product by 144; 
or by multiplying the distance in feet by the appropriate 
quantity, found in the following table. The quantities in this 
table are computed from the weights of one cubic foot of 
water at the various temperatures, as given by D. K. Clark in 
his Rules and Tables, which also correspond to Charles T. 
Porter’s figures, in his work on the Richards’ Steam-Engine 
Indicator. 


Temperature || Temperature 
of W <= Pump Weight of 1 cn. ft. of W =) Pump | Weight of 1 cu. ft. 
‘ of Water | of Water 
divided by 144. j——____—____—_____| divided by 144. 


Deg. Fahr. Deg. Fahr. 


-4325 


-4322 


-4319 


I = Average length of stroke of pump plunger, in feet. 
N= Total number of single strokes of pump plunger made during 


the trial, 
A, = Area of steam-cylinder, in square inches, corrected for area of 


piston-rod. The quantity, As x M.Z.P. in an engine having 


| o> 
A 
a 
| 
35 4335 80 off 
40 -4835 85 
45 4384 | 90 — 
50 .4333 | 95 
55 .4332 100 -4307 
> 60 .4331 105 -4803 
65 -4829 110 .4298 
70 
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— 


REPORT ON DUTY TRIALS OF PUMPING ENGINES. 


more than one cylinder, is the sum of the various quantities 
relating to the respective cylinders. 

Is = Average length of stroke of steam-piston, in feet. 

Vs = Total number of single strokes of steam-piston during trial. 

M.E.P.= Average mean effective pressure, in pounds per square inch, 
measured from the indicator diagrams taken from the steam- 
cylinder, 

I. H.P.= Indicated horse-power developed by the steam-cylinder. 

C = Total number of cubic feet of water which leaked by the pump 
plunger during the trial, estimated from the results of the 
leakage test. 

D = Duration of trial, in hours. 

H = Total number of heat units [B.7.U.] consumed by engine = 
weight of water supplied to boiler by main feed-pump x total 
heat of steam of boiler pressure reckoned from temperature of 
main feed-water + weight of water supplied by jacket-pump 
x total heat of steam of boiler pressure reckoned from tem- 
perature of jacket-water + weight of any other water supplied 
x total heat of steam reckoned from i's temperature of 
supply. The total heat of the steam is corrected for the 
moisture or superheat which the steam may contain. For 
moisture, the correction is subtracted, and is found by multi- 
plying the latent heat of the steam by the percentage of 
moisture, and dividing the product by 100. For superheat, 
the correction is added, and is found by multiplying the num- 
ber of degrees of superheating (i.¢., the excess of the tempera- 
ture of the steam above the normal temperature of saturated 
steam) by 0.48. No allowance is made for heat added to the 
feed-water, which is derived from any source, except the 
engine or some accessory of the engine. Heat added to the 
water by the use of a flue heater at the boiler is not to be 
deducted, Should heat be abstracted from the flue by means 

» i- 3. of a steam reheater connected with the intermediate receiver 
hes es of the engine, this heat must be included in the total quantity 
BS supplied by the boiler. 

The total and latent heats may be found by reference to the Tables of 
the Properties of Saturated Steam, given in Table No. 1 of the Appen 
dix. The quantities of heat contained in one pound of water at various 
temperatures are appended in Table No, 2. These Tables are copied 
from Charles T. Porter’s treatise on the Richards’ Steam-Engine 
Indicator. The pressures here given are reckoned from zero. To 
convert the gauge pressure to that referred to as the zero basis, the 
barometric pressure is to be added to the corrected indications of the 
gauge. When the barometer indicates 29.92 inches the pressure to be 
added is 14.7 lbs. per square inch. For other indications of tlie 
barometer, the corresponding pressure may be found by using the mul- 
tipl'er (0.491. 


The following examples are given to illustrate the method of 
- computation. The figures are not obtained from tests actually 
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ade, but they correspond in round numbers with those which 
vere so obtained : 


First Evample.—Compound tandem direct-acting duplex engine. 
Both high-pressure and low-pressure cylinders jacketed with live 
steam. Jet condenser used, with air-pump driven by main engine. 
Boiler feed-pump also driven by main engine. Jacket water returned 
to boiler by gravity. Main supply of feed-water drawn from hot well. 


DIMENSIONS. 


Diameter of each high-pressure cylinder (two) 

Diameter of each low-pressure cylinder (two) 

Diameter of piston-rod, each evlinder (one at each 
end high-pressure, two at one end low-pressure)... 

Diameter of pump plungers (two) 

Diameter of piston-rod, cach plunger (one at one end) 

Nominal stroke. 


GENE"AL DATA. 


. Duration of test (D) 12 hrs. 
2. Boiler pressure by gauge (barometric pressure 
14.7 lbs.) ae 120 lbs. 
. Temperature of water in pump well 80° 
. Temperature of main supply of feed-water,... 100° 
. Temperature of jacket water caus 280° 
. Percentage of moisture in steam 0% 
. Weight of water supplied to boiler by main 
feed-pump . . 22,400 lbs. 
8. Weight of water supplied to boiler by jackets. 2,560 ‘ 


DATA RELATING TO WORK OF PUMP. 


Area of plunger minus } area of rod (A). 171.9 sq. ins. 
. Average length of stroke (Z, and Z.)... 1.572 ft. 
. Total number of sing'c strokes duiing 
trial (VW and N,) 76,000 
. Pressure by gauge on force main (P)... 100 
. Vacuum by gauge on suction main.... 
. Pressure corresponding to vacuum 
given in preceding line (p) 
Vertical distance between gauges... . 
Pressure corresponding to distance 
given in preceding line (8).. 
. Volume of water which leaked through 
the plungers computed from results 
of leakage test (C)................-. 5,900 cu. ft. 


DATA RELATING TO WORK OF STEAM-CYLINDERS. 


Area of high-pressure piston minus 
area of one rod (A,,)... 167.09 sq. ins. 


ins. 
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. Mean effective pressure high-pressure 
cylinder 
. Area of low-pressure piston minus 4 
area of two rods (As,)..- 
- Mean effective pressure low-pressure 
cylinder (MLE. P. 
2. Number of double strokes each side 
per minute 26.39 
3. Indicated horse-power developed by 
. Feed-water consumed per indicated 
horse-power per hour 20.88 lbs. 
- Heat units consumed per indicated 
horse-power per hour............... 23,008 B.T.U. 
= 883 B.T.U. per minute. 


TOTAI, HEAT OF STEAM RECKONED FROM THE VARIOUS TEMPERATURES 
OF FEED-WATER AND COMPUTATIONS BASED THEREON. 


26. Total heat of 1 lb. of dry steam at 120 

Ibs. gauge pressure reckoned from 

0° Fahr 1,220.6 B.T.U. 

. Ditto, reckoned from temperature of 

main feed-water (100°) 1,120.5 “te 
28. Ditto, reckoned from temperature of 

jacket-water (280°) 938.5 
29. Heat consumed by engine (Z7) (22,400 

x 1120.5) + (2560 x 938.5).......... 27,501,760 


RESULTS, 
4 . *e: . 
Substituting these quantities in the formulw, we have : 


A p 8 L N 
171.9 x (100 + 4.57 + 3.46) x 1.572 x 76,000 
H 
27,501,760 


= 80,671,622 foot pounds. 


C 


2. Percentage of leakage = —— _5,000 x 144 . x 100 = 4.1%. 


A L Vv 
171.9 x 1.572 x 76.000 


A L N 
171.9 x 1.572 x 76,000 x 


x 1,000,000 


1. Duty = 


8. Capacity = 


== 2,133,735 gallons. 


A P p 
__ 171.9 (100 + 4.57 + 8.46), 
187.09 x 61. 81) + (697.24 x 13.72) 
— 


Mae 1 
2 
a 
(wer @ 2 
mer 2 
2 
é 
ee 
. 
-¢ i 
® 
2 
4, Percentage of total 
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Second Example.—Compound fly-whee] engine. High-pressure cylin- 
der jacketed with live steam from the boiler. Low-pressure cylinder 
jacketed with steam from the intermediate receiver, the condensed 
water from which is returned to the boiler by means of a pump © 
operated by the engine. Main steam-pipe fitted with a separator, The— 
intermediate receiver provided with a reheater supplied with boiler 
steam. Water drained from high-pressure jacket, separator, and re-_ 
heater, collected in a closed tank under boiler pressure, and from this_ 
point fed to the boiler direct by an independent steam-pump. Jet | 
condenser used operated by an independent air-pump. Main supply 
of feed-water drawn from hot well and fed to the boiler by donkey 
steam-pump, which discharges through a feed-water heater. All the 
steam-pumps, together with the independent air-pump, exhaust through 
the heater to the atmosphere. 


DIMENSIONS. 


Diameter of high-pressure steam-cylinder (one) 
Diameter of low-pressure steam-cylinder (one)... 
Diameter of plunger (one) 

Diameter of each piston-rod a 
Stroke of steam-pistons and pump plunger. Meehergelns-s 


GENERAL DATA. 
1. Duration of trial (D) 10 


2. Boiler pressure indicated by gauge (baro- 
metric pressure, 14.7 Ibs.)............... 120 
3. Temperature of water in pump well 
4. Temperature of water supplied to boiier 
by main feed-pump, leaving heater 
5. Temperature of water supplied by low- 
pressure jacket pump. . 
6. Temperature of water sup wailed by high- 
pressure jacket, separator, and reheater 
that derived from separator being 
8 , and that from jackets 290°......... 
7. W an of water supplied to boiler by main 
feed-pump 18,863 
. Weight of water supplied by low-pressure 
jacket pump pia 615 
Weight of water supplied by pump for 
high-pressure jacket, separator, and re- 
heater tank, of which 210 !bs. is derived : 
from separator ‘ 1 025 
Total weight of feed-water supplied foom 
all sources .... 20,503 
. Percentage of moisture in steam after leav- 
ing separator 1.54 


DATA RELATING TO WORK OF PUMP. . os 


. Area of plunger minus } area of piston- 


rod (A) 307.88 sq. ins, 
Average length of stroke (Z and L,)... 


7 
| 
us. 
¢, 
x 
| 
9 
al 
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14, Total number of single strokes during 
trial (NV and 
Pressure by gauge on force main (P)... 
}. Vacuum by gauge on suction main.... 
. Pressure corre-ponding to vacuum given 
in preceding line (p) 3.69 Ibs. 
. Vertical distance between centres of 
CWO 
19. Pressure equivalent to distance between 
two gauges (8) 
20. Total leakage of pump during trial, 
determined from results of leakage 
test (C)., 3,078 
. Number of double strokes of pump per = 
minute 20 
. Mean effective pressure measured from a 
105 lbs. 
23. Indicated horse-power exerted in pump 
cylinders 117.55 I.H.P. 
.» DATA RELATING TO WORK OF STEAM-CYLINDERS. 
. Area of high-pressure piston minus 4 
area of rod (Ag) 307.88 sq. ins 
5. Area of low-pressure piston minus 4 
area of rod (Ag) 
Average length of stroke, each 
Mean effective pressure mexsured from 
high-pressure diagrams (M.£.P.; ).. 
3. Mean effective pressure measured from 
low-pressure diagrams (M.E.P..)... 
. Number of double strokes per minute 
(line 21) 20 
. Indicated horse-power developed by 
high-pressure cylinder 66.33  1.H.P. 
. Indicated horse power developed by 
low-pressure cylinder 
. Indicated horse-power developed by 
both cylinders... 
Feed-water consumed by plant per in- 
dicated horse-power per hour, cor- 
rected for separator water and for 
moisture in steam 15.60 lbs. 
. Number of heat units consumed per 
indicated horse-power per hour 15,652.1 B.T.U, 
. Number of heat units consumed per 
indicated horse-power per minute. . . 260.9 
TOTAL HEAT OF STEAM RECKONED FROM THE VARIOUS TEM- 


PERATURES OF FRKED-WATER AND COMPUTATIONS 
BASED THEREON, 


86. Total heat of 1 1b. of steam at 120 Ibs, 
gauge pressure, containing 1.5¢ of 


OF. 
4 e 
>. 
4 
} 
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mvisture, reckoned from 0° Fahr. = 
1,220.6 — (1.5% of 866.7) 1,207.6 B.T.U. 

7. Ditto, reckoned from 215°, temperature 

of main feed-water = 1,207.6 — 


38. Ditto, reckoned from 225°, temperature 
of low-pressure jacket water = 
1,207 .6 — 226.1 

: eine reckoned from 290°, tempera- 
ture of high-pressure jacket and 
reheater water = 1,207.6 — 292.8 ... 
40. Heat of separator water reckoned from 
41. Heat consumed by engine (77) = (18.863 
991.7) + (615 «x 981 5) + (815 x 

915.3) + (210 x 10.1) 20,058, 150 


RESULTs. 


Substituting these quantities in the formule, we have: 


A P »p 8 L N 
807. 88 x (95 + 8.69 + 4.33) x 3 x 24,000 
1, Duty = ———— 1,000,000 
H 
20,058,150 


= 118,853,044 foot pounds, 


a 


8,078 x 144 : 
2. Percentage of leakage = ———>$___.-____ x 100 = 2.0¢ 


ry L N 
307.88 x 8 x 24,000 am) 
A L N 
807.88 x 3 x 24,000 x 1.24675 


38. Capacity 
D 


10 


A P p 
1 807. 88 x (95 + 8. 69 + 4. mm ae 
~ An MEP: 
(307.88 x 69.25) + (1250.36 x ts 6) 
= 9.04. 


8. The method to be followed in conducting the boiler test — 
which is recommended is the standard mode determined upon by 
the Society’s Committee on Boiler Trials.* It is suggested that. 
the results of the boiler test be expressed, not only in terms of 


the number of pounds of water evaporated per pound of coal, in 


* Vol. VL, p. 267, Transactions A. 8S. M. &., 1885. 
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the customary manner, but also in terms of the number of pounds — 
of coal required to generate 1,000,000 heat units, so that a sim- 
ple calculation may determine the duty of the engine, if desired, 
on the basis of 100 lbs. of the coal actually used. 

9. Inorder that the contract between builder and purchaser 
of a pumping engine may conform to the proposed standard, the 
guarantee as to performance should be expressed in the follow-_ 
ing terms: 

1. The engine shall perform a duty, based upon plunger displace- 
ment, equivalent to not less than....foot pounds of work for each 
one million heat units consumed, 

2. The leakage of the pump shall not exceed... .per cent. of the total 
plunger displacement, when the engine is working at its rated capacity. 

3. The boiler shall supply one million heat units to the engine on a- 
consumption of....pounds of....coal, or it shall evaporate not less 
than....pounds of water from and at 212 degrees per pound of the 
combustible portion of the coal named. 

4. The mode of determining these quantities is to conform to the 
standard method of conducting duty trials recommended by the Com- 
mittee of the American Society of Mechanical Engineers, 


Should one contractor furnish the engine, and another the 
boiler, separate guarantees will be made, the individual require-_ 
ments of which are the same as those noted. 


It is desirable, where both parties concur therein, to introduce 
into the contract the following additional provision regarding 
friction, viz. : 


‘The friction of the engine shall not exceed....per cent. of the 
indicated power developed in the steam-cylinders,”’ 

10. Having thus far noted the main principles which hav® 
been followed, and having pointed out the various steps by which 
the results of a test are computed, the committee now beg tc 
submit, in the following pages, the full particulars regarding the 
standard method of conducting duty trials which they ree 
ommend, 

The general mode of operation is to first subject the plant to 
a preliminary run under the working conditions, for the purpose 
of determining the temperature of the feed-water, or the several 
temperatures where there is more than one supply. It is usually 
impracticable to weigh the main supply of water, derived, as it~ 
generally is, from a low-placed hot well, and the test of the main 
quantity of feed-water used must, asa rule, be made with cold 
water drawn from the service main. The changed conditions in 
the working of the plant thus introduced, and the arrangement 
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of apparatus which is frequently needed to measure the ad- 
ditional supplies of feed-water, make it desirable to obtain the 
working temperatures asa preliminary to the main duty trial. 
Hence the preliminary run is made, as noted, merely for securing 
the temperatures. The main test of the boiler and engine is then 
carried forward, and during this test the weights of the various 
supplies of feed-water are determined, and the remaining data 
needed for making the computations. Finally, as soon as practi- 
cable after these tests are completed, the rate of leakage through 
the pump is measured, with the engine at rest. 

As to the duration of the test, it appears to the committee 
that, so far as the main trial is concerned, which is practically a 
feed-water test, it need not be prolonged more than ten hours, 
unless, in that time, appreciable errors should be produced by 
inaccuracies in the observations of the height of water in the 
gauge glass. The duration of the boiler trial might, with good 
reason, be made longer, were it not that the results of the boiler 
test are independent of those of the duty trial. It is desirable 
to reduce, if possible, the number of hours of the trial to such a 
point that the time expended upon the work, including that re- 
quired in preparation for the beginning of the test, and that 
spent in bringing the test to a close, shall be such that the same 
expert, without undue physical exertion, may have the test under 
his continuous supervision from beginning toend. This is fea- 
sible where the length of the duty trial, according to the plan 
proposed, does not exceed ten hours. 

Shortly after the committee were appointed several pumping- 
engine manufacturers were asked to submit their ideas as to the 
best form of standard to use. The committee take pleasure in 
acknowledging the receipt of suggestions from the Davidson 
Steam Pump Company, the Deane Steam Pump Company, the 
Holly Manufacturing Company, and the George F. Blake Manu- 
facturing Company, the three last named having given full ex- 
pression to their views upon the subject. 


Respectfully submitted, 

“bp ates Gro. H. Barrvs, ] 


| 
Epwry Reynoups, | Committee. 
84 
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ST. AND. ARD METHOD OF CONDU ICTING DUTY TRIALS, 


l. TEST OF FEED-WATER TEMPERATURES. 


The plant is subjected to a preliminary run, under the condi- 
tions determined upon for the test, for a period of three hours, 
or such a time as is necessary to find the temperature of the 
feed-water (or the several temperatures, if there is more than 
one supply) for use in the calculation of the duty. During this 
test observations of the temperature are made every fifteen min- 
utes. Frequent observations are also made of the speed, length 
of stroke, indication of water-pressure gauges, and other instru- 
ments, so as to have a record of the general conditions under 

which this test is made. 


aia DIRECTIONS FOR OBTAINING FEED-WATER TEMPERATURES. 


feed-water is all supplied by one feeding instrument, the 
in temperature to be found is that of the water in the feed-pipe near the 
point where it enters the boiler. If the water is fed by an injector this 
temperature is to be corrected for the heat added to the water by the 
‘injector, and for this purpose the temperatures of the water entering 
and of that leaving the injector are both observed. If the water does 
not pass through a heater on its way to the boiler (that is, that form of 
heater which depends upon the rejected heat of the engine, such as 
that contained in the exhaust steam either of the main cylinders or of 
the auxiliary pumps) it is sufficient, for practical purposes, to take the 
temperature of the water at the source of supply, whether the feeding 
instrument is a pump or an injector. 

When there are two independent sources of feed-water supply, one 

the main supply from the hot well, or from some other source, and the 
other an auxiliary supply derived from the water condensed in the 
jackets of the main engine and in the live-steam reheater, if one be 
used, they are to be treated independently, The remarks already 
— apply to the first, or main, supply. The temperature of the aux- 
iliary supply, if carried by an independent pipe either direct to the 
boiler or to the main feed-pipe near the boiler, is to be taken at a con- 
venient point in the independent pipe. 

When a separator is used in the main steam-pipe, arranged so as to 
discharge the entrained water back into the boiler by gravity, no 
account need be made of the temperature of the water thus returned. 
Should it discharge either into the atmosphere to waste, to tlie hot 
well, or to the jacket tank, its temperature is to be determined at the 


point where the water leaves: the separator before its pressure 1s 


- 

| 
| 
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When a separator is used, and it drains by gravity into the jacket 
tank, this tank being subjected to boiler pressure, the temperatures of © 
the separator water and jacket water are each to be taken before their | 
entrance to the tank. 

Should there be any other independent supply of water, the temper- 
ature of that is also to be taken ou this preliminary test. 


DIRECTIONS FOR MEASUREMENT OF FEED-WATER. 


As soon as the feed-water temperatures have been obtained 
the engine is stopped, and the necessary apparatus arranged for 
determining the weight of the feed-water consumed, or of the - 
various supplies of feed-water, if there is more than one. 


In order that the main supply of feed-water may be measured, it will 
generally be found desirable to draw it from the cold-water service 
main. The best form of apparatus for weighing the water consists of 
two tanks, one of which rests upon a platform seale supported by 
staging, while the other is placed underneath. The water is drawn 
from the service main into the upper tank, where it is weighed, and it 
is then emptied into the lower tank. The lower tank serves as a 
reservoir, and to this the suction-pipe of the feeding apparatus is 
connected. 

The jacket water may be measured by using a pair of small barrels, | 
one being filled while the other is being weighed and emptied. This — 
water, after being measured, may be thrown away, the loss being made 
up by the main feed-pump. To prevent evaporation trom the water, 
and consequent loss on account of its highly heated condition, each 
barrel should be partially filled with cold water previous to using it for — 
collecting the jacket water, and the weight of this water treated as tare. 

When the jacket water drains back by gravity to the boiler, waste of — 
live steam during the weighing should be prevented by providing a 
small vertical chamber, and conducting the water into this 
receptacle before its escape. A glass water-gauge is attached 
so as to show the height of water inside the chamber, and 
this serves asa guide in regulating the discharge valve. The 
chamber may be made of piping in the manner shown in the 
appended figure (108). 

When the jacket water is returned to the boiler by means 
of a pump, the discharge valve should be throttled during 
the test, so that the pump may work against its usual press- 
ure—that is, the boiler pressure as nearly as may be, a 
gauge being attached to the discharge pipe for this purpose. 

When a separator is used and the entrained water dis- 
charges either to waste, to the hot well, orto the jacket tank, 
the weight of this water is to be determined, the water being 
drawn into barrels in the manner pointed out for measuring _ 
the jacket water. Except in the case where the separator Fig. 108 
discharges into the jacket tank, the entrained water thus found is _ 
treated, in the calculations, in the same manner as moisture shown by 
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the calorimeter test. When it discharges into the jacket tank, its 
weight is simply subtracted from the total weight of water fed, «nd 
allowance made for heat of this water lost by radiation between se) a 
rator and tank. 

When the jackets are draived by a trap, and the condensed water 
goes either to waste or to the bot well, the determination of the qaan- 
tity used is not necessary to the main object of the duty trial, because 
the main feed-pump in such cases supplies a’l the feed-water. For the 
sake of having complete data, however, it is desirable that this water 
be measured, whatever the use to which it is applied, 

Should live steam be used for reheating the steam in the intermediate 
receiver, it is desirable to separate this from the jacket steam, if it 
drains into the same tank, and measure it independently. This, like- 
wise, is not essential to the main object of the duty trial, though useful 
for purposes of information. 

The remarks as tothe manner of preventing losses of live steam and 
of evaporation, in the measurement of jacket water, apply to the meas- 
urement of any other bot water under pressure which may be used for 
feed-water. 

Should there be any other independent supply of water to the boiler 
besides those named, its quantity is to be determined independently, 
apparatus for all these measurements being set up during the interval 
between the preliminary run and the main trial, when the plant is idle. 


2. THE MAIN DUTY TRIAL. 


The duty trial is here assumed to apply to a complete plant, 
embracing a test of the performance of the boiler, as well as that 
of the engine. ‘The test of the two will go on simultaneously 
after both are started, but the boiler test will begin a short time 
in advance of the commencement of the engine test, and continue 
a short time after the engine test is finished. The mode of pro- 


= 


The plant having been worked for a suitable time under normal 
conditions, the fire is burned down to alow point and the engine 
brought to rest. The fira remaining on the grate is then quickly 
hauled, the furnace cleaned, and the refuse withdrawn from the ash pit. 
The boiler test is now started, and this test is made in accordance with 
the rules for a standard method recommeuded by the Committee on 
Boiler Tests of the American Society of Mechanical Engineers.*  Tiis 
method, briefly described, consists in starting the test with a new 
fire lighted with wood, the boiler having previously been heated to 
its normal working degree ; operating the boiler in accordance with the 
conditions determined upon; weighing coal, ashes, and feed-water; 
observing the draught, temperatures of feed-water and escaping gases, 
and such other data as may be incidentally desired; determining the 
quantity of moisture in the coal and in the steam; and at the close of 


* Vol. VL, p. 267, Transactions A. S. M. E., 1885. = 
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the test hauling the fire, and deducting from the weight of coal fired | 
whatever unburned coal 1s contained in the refuse withdrawn from the 
furnace, the quantity of water in the boiler and the steam secret 
being the same as at the time of lighting the fire at the beginning of 
the test. 

Previous to the close of the test it is desirable that the fire should be 
burned down to a low point, so that the unburned coal withdrawn may 


be in a nearly consumed state, The temperature of the feed-water is 
observed at the point where the water leaves the engine heater, if this 
be used, or at the point where it enters the flue heater, if that appara-— 
tus be employed. Where an injector is used for supplying the water, 
a deduction is to be made in either case for the increased temperature | 
of the water derived from the steam which it consumes, 

As soon after the beginning of the boiler test as practicable the 
engine is started and preparations are made for the beginning of the 
engine test. The formal commencement of this test is delayed till the 
plaut is gain in normal working condition, which should not be over 
one hour after the time of lighting the fire. When the time for com 
mencement arrives the feed-water is momentarily shut off, and the 
water in the lower tank is bronght toa mark. Observations are then 
made of the number of tanks of water thus far supplied, the height 
of water in the gauge-glass of the boiler, the indication of the counter 
on the engine, and the time of day ; after which the supply of feed- 
water is renewed, and the regular observations of the test, including the 
measurement of the auxiliary supplies of feed-water, are commenced. 
The engine test is to continue at least ten hours. At its expiration the 
feed-pump is again momentarily stopped, care having been taken to 
have the water slightly higher than at the start, and the water in the 
lower tank is brought to the mark. When the water in the gauge- 
glass has settled to the point which it occupied at the beginning, the 
time of day and the indication of the counter are observed, together 
with the number of tanks of water thus far supplied, and the engine 
test is held to be finished. The engine continues to run after this time 
till the fire reaches a condition for hauling, and completing the boiler 
test. It is then stopped, and the final observations relating to the boiler 
test are taken. 

The observations to be made and data obtained for the purposes of 
the engine test, or duty trial proper, embrace the weight of feed-water 
supplied by the main feeding apparatus, that of the water drained from 
the jackets, and any other water which is ordinarily supplied to the 
boiler, determined in the manner pointed out. They also embrace the 
number of hours duration, and namber of single strokes of the pump 
during the test ; and, in direct-acting engines, the length of the stroke ; 
together with the indications of the gauges attached to the force and 
suction mains, and indicator diagrams from the steam-cylinders. It is 
desirable that pump diagrams also be obtained. 

Observat'ons of the length of stroke, in the case of direct-acting 
engines, should be made every five minutes ; observations of the water- 
pressure gauges every fifteen minutes; observations of the remaining 
instruments, such as steam-gauge, vacuum-gauge, thermometer in 
pump well, thermometer in feed-pipe, thermometer showing tempera- 
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ture of engine room, boiler room, and outside air, thermometer in flue, 
thermometer in steam-pipe, if the boiler has steam-heating surface, 
barometer, and other instruments which may be used, every half-hour, 
Indicator diagrams should be taken every half-hour, 

When the duty trial embraces simply a test of the engine, 
apart from the boiler, the course of procedure will be the same 
as that described, excepting that the fires will not be hauled, 
and the special observations relating to the performance of the 

boiler will not be taken. 


DIRECTIONS REGARDING ARRANGEMENT AND USE GF INSTRUMENTS, AND 
OTHER PROVISIONS FOR THE TEST. 


The gaugé attached to the force main is liable to a considerable 
amount of fluctuation unless the gauge-cock is nearly closed. The 
practice of choking the cock is objectionable. The difficulty may be 
satisfactorily overcome, and a nearly steady 
indication secured, with cock wide open, if a 
small reservoir having an air-chamber is inter- ——— 
posed between the gauge and the foree main, 
in the manner shown in the appended figure 
(109). By means of a gauge-glass on the side of 
the chamber and an air-valve, the average 
yvater-level may be adjusted to the height of 
the centre of the gauge, and correction for this 
element of variation is avoided. If not thus 
adjusted, the reading is to be referred to the 
level shown, whatever this may be. 

To determine the length of stroke in the case 
of direct-acting engines, a scale should be se- 
curely fastened to the frame which connects the 
steam and water-cylinders, in a position paral- 
lel to the piston-rod, and a pointer attached to : m3] 
the rod so as to move back and forth over the Fig. 109. 
graduations on the scale. The marks on the seale, which the pointer 
reaches at the two ends of the stroke, are thus readily observed, and 
the distance moved over computed. If the length of the stroke can 
be determined by the use of some form of registering apparatus, sucli 
a method of measurement is preferred. The personal errors in observ- 
ing the exact scale marks, which are liable to creep in, may thereby 
be avoided. 


The form of calorimeter to be used for testing the quality of the 
steam is left to the decision of the person who conducts the trial. It 
is preferred that some form of continuous calorimeter be used, which 
acts directly on the moisture tested. If either the superheating calorim- 
eter* or the wire-drawing + instrument be employed, the steam which 


 * Vol. VIL, p. 178, 1886. 
+ Vol. X1., p. 791, 1890, Transactions A. S. M. E. (Paper on Universal 
Calorimeter,” May, 1890.) 
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it discharges is to be measured either by numerous short trials, made 
by condensing it in a barrel of water previously weighed, thereby 
obtaining the rate by which it is discharged, or by passing it through « 
surface condenser of some simple construction, and measuring the whol 
quantity consumed. When neither of these instruments is at hand, and 
dependence must be placed upon the barrel calorimeter, scales should 
be used which are sensitive to a change in weight of a small fraction 
of a pound, and thermometers which may be read to tenths of a dégree. 
The pipe which supplies the calorimeter should be thoroughly warmed 
and drained just previous to cach test. In making the calculations the 
specific heat of the material of the Larrel or tank should be taken into | 
account, whether this be of metal or of wood. 

If the steam is superheated, or if the boiler is provided with steam-_ 
heuting surface, the temperature of the steam is to be taken by means: 
of a high-grade thermometer resting in a cup holding oi] or mereury,— 
which is screwed into the steam-pipe so as to be surrounded by the cur- 

rent of steam. The temperature of the feed-water is preferably taken 
by means of a cup screwed into the feed-pipe in the same manuer. 
Indicator pipes and connections used for the water-cylinders should be | 
of ample size, and, so far as possible, free from bends. Three-quarter- 
inch pipes are preferred, and the indicators should be attached one at | 
each end of the cylinder. It should be remembered that indicator. 
springs which are correct under steam heat are erroneous when used 
for cold water. When euch springs are used, the actual scale should 
be determined, if calculations are made of the indicated work done in 
the water-cylinders. The scale of steam-springs should be determined 
by a comparison, under steam pressure, with an accurate steam-gauge at 
the time of the trial, and that of water-springs by cold dead-weight test. 
The accuracy of all the ganges should be carefully verified by com- 
parison with a reliable mercury column. Similar verification should be 
made of the thermometers, and if no standard is at hand, they should 
be tested in boiling water and melting ice. . 
To avoid errors in conducting the test, due to leakage of stop-valves 
either on the steam-pipes, feed-water pipes, or blow-off pipes, all these 
pipes not concerned in the operation of the plant under test should be 
disconnected. 

3. LEAKAGE TEST OF PUMP. 

As soon as practicable after the completion of the main trial 
(or at some time immediately preceding the trial), the engine is 
brought to rest, and the rate determined at which leakage 
takes place through the plunger and valves of the pump, when 


these are subjected to the full pressure of the force main. 


The leakage of an inside plunger [the only type which requires test- 
ing] is most satisfactorily determined by making the test with the 
cylinder head removed. A wide board or plank may be temporarily 
bolted to the lower part of the end of the cylinder, so as to hold back 
the water in the manner of a dam, and an opening made in the tem- 


| 


550 REPORT ON DUTY TRIALS OF PUMPING ENGINES. 


porary head thus provided for the reception of an overflow pipe. The 
plunger is blocked at some intermediate point in the stroke (or, if this po- 
sition is not practicable, at the end of the stroke), and the water from the 
force main is admitted at full pressure behind it. The leakage esca; es 
through the overflow pipe, and it is collected in barrels and measured. 

Should the escape of the water into the engine room be objection- 
able, a spout may be constructed to carry it out of the building. Where 
the leakage is too great to be readily measured in barrels, or where 
other objections arise, resort may be had to weir or orifice measurement, 
the weir or orifice taking the place of the overflow pipe in the wooden 
head, The apparatus may be constructed, if desired, in a somewhat 
rude manner, and yet be sufficiently accurate for practical requirements. 
The test should be made, if possible, with the plunger in various posi 
tions, 

In the case of a pump so planned that it is difficult to remove the 
cylinder head, it may be desirable to take the leakage from one of tle 
openings which are provided for the inspection of the suction valves, 
the heaa being allowed to remain in place. 

It is here assumed that there is a practical absence of valve leak- 
age, a condition of things which ought to be attained in all well-con 
structed pumps. Examination for such leakage should be made first 
of all, and if it occurs and it is found to be due to disordered valves, it 
should be remedied before making the plunger test. Leakage of the 
discharge valves will be shown by water passing down into the empty 
cylinder at either end when they are under pressure. Leakage of the 
suction valves will be shown by the disappearance of water which cov- 
e:s them. 

If valve leakage is found which cannot be remedied, the quantity of 
water thus lost should also be tested. The determination of the quan- 
tity which leaks through the suction valves, where there is no gate in 
the suction pipe, must be made by indirect means, One method is to 
measure the amount of water required to maintain a certain pressure 
in the pump cylinder when this is introduced through a pipe tempo- 
rarily erected, no water being allowed to enter through the discharge 
valves of the pump. 

The exact methods to be followed in any particular case, in determin- 
ing leakage, must be left to the judgment and ingenuity of the person 
conducting the test. 


4. TABLE OF DATA AND RESULTS. 


In order that uniformity may be secured, it is suggested that 
the data and results, worked out in accordance with the standard 
method, be tabulated in the manner indicated in the following 

scheme: 


DIMENSIONS, 
1. Number of steam-cylinders ............. 
3. Diameter of piston-rods of steam-cylinders,....... 
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A 
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. Nominal stroke of steam-pistons 


Number of water-plungers 

Diameter of plungers 

. Diameter of piston-rods of water-cylinders ins, 


Average length of streke of steam-pistons during trial 
Average length of stroke of plungers during trial 

(Give also complete description of plant.) 


‘TEMPERATURES. 
Temperature of water in pump well. 


14. Temperature of water supplied to boiler by main tends -pump. degs. 


Temperature of water supplied to boiler from various other 


FEED-WATER. 
Weight of water supplied to boiler by main feed-pump.... . 
Weight of water supplied to boiler from various other 1? 
sources. 


. Total weight of feed-water supplied from all sources. 


3. Vertical distance between the centres of the two gauges... ins. 


PRESSURES. 
Boiler pressure indicated by gauge. 
Pressure indicated by gauge on force main 
Vacuum indicated by gauge on suction main 
Pressure corresponding to vacuum given in preceding line. lbs. 


. Pressure equivalent to distance between the two gauges... lbs, _ 


MISCELLANEOUS DATA. 
Duration of trial 
. Total number of single strokes during trial 


. Percentage of moisture in steam supplied to engine, or num- 


ber of degrees of superleating 


. Total leakage of pump during trial, determined from re- 


sults of leakage test.......... ‘ 


- Mean effective pressure, measured from diagrams taken 


PRINCIPAL RESULTS. 


. Percentage of leakage 
2. Capacity . 


34. 
35. 


Percentage of total frictions.................. 


ADDITIONAL RESULTS. * 


horse-power developed the various steam- 
cylinders 


dol 
4 
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. Feed-water consumed by the plant per hour 
7. Feed-water consumed by the plant per indicated horse- 
power per hour, correctea for moisture in steam......... lbs. 
Number of heat units consumed per indicated nandueisensy 
por heur.....+ . T. 
Number of beat units consumed per indicate d horse-power 
. Steam accounted for by indicator at cut-off and release in 
the various steam-cylinders 
. Proportion which steam accounted for by indicator bears to 
the feed-water consumption... 


SAMPLE DIAGRAMS TAKEN FROM STEAM-CYLINDERS, 


-[Also, if possible, full measurements of the diagrams, embracing pressures at 
the initial point, cut-off, release, and compression ; also back-pressure, and the 
proportions of the stroke completed at the various points noted. ] 


42. Number of double strokes of pump per minute 

43. Mean effective pressure, measured from pump diagrams... M. FE, P 
44. Indicated horse-power exerted in pump cylinders.......... LH. P. 
45. Work done (or duty) per 100 Ibs. of coal 


SAMPLE DIAGRAMS TAKEN FROM PUMP CYLINDERS. 


‘DATA AND RESULTS OF BOILER TEST. 


[IN ACCORDANCE WITH THE SCHEME RECOMMENDED BY THE BOILER TEST 
COMMITTEE OF THE SOCIETY. | 


1. Date of trial 


. Duration of trial 
DIMENSIONS AND PROPORTIONS. 
. Grate surface wide long 
. Water-heating surface. ... 
Superheating surface......... ‘ 

. Ratio of water-heating surface to grate surface....... 


(Give also complete description of boilers.) 


GE P SsU 


: Steam p pressure in bo ler by gauge 
8, Atmospheric pressure by barometer.......... 
9. Force of draught in inches of water 


AVERAGE TEMPERATURES, 


11. Of escaping gases 


| 
| 
. ft. 
fte 
ft. 
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FUEL. 

13. Total amount of coal consumed *,..........ccccccceccuces lbs. 
17. Total combustible (dry weight of coal, item “15, less refuse, 


19. Total heat of combustion of the coal obtained by calorimetric 


RESULTS OF CALORIMETRIC TEST OF STEAM. 


20. Percentage of moisture in steam % 
21. Number of degrees superheated ..... 
WATER. 


22. Total weight of water pumped into boiler and apparently 

23. Water actuaily evaporated corrected for quality of steam.. lbs. 
24. Equivalent water evaporated into dry steam from and at 


25. Equivalent total heat derived from fuel, in British Thermal 

26. Equivalent water evaporated into dry steam from and at 


ECONOMIC EVAPORATION. Aa 


27. Water actually evaporated per pound of dry coal from actual 

28. Equivalent water evaporated per pound of dry coal from 

29. Equivalent water evaporated per pound of combustible from 

30. Number of pounds of coal required to supply 1,000,000 

yy RATE OF COMBUSTION, 
81. Dry coal actually burned per square foot of grate surface 


* Including equivalent of wood used in lighting fire. One pound of wood | 
equals 0.4 of a pound of coal, not including unburned coal withdrawn from fire | » 
atend of test. 

+ Corrected for inequality of water-level and of steam pressure at myainn- 
and end of test. : 

H—h 

{Factor of evaporation = 965.7" H and A being respectively the total heat oe 
units in steam ot the average chaneved pressure, and in water of the average > 
observed temperature of feed 
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RATE OF EVAPORATION, 


32. Water evaporated from and at 212° Fahr. per square foot 
of heating surface per hour 


| NorE.—To determine the percentage of surface moisture in the coal a sample 
of the coal should be dried for a period of twenty-four hours, being subjected to 
a temperature of not more than 212°. The quantity of unconsumed coal con- 
tained in the refuse withdrawn from the furnace and ash pit at the end of the 
test may be found by sifting either the whole of the refuse, or a sample of the 
same, in a sereen having 3-inch*'mesles. ‘This, deducted from the weight of dry 
coal fired, gives the “weight of dry coal cousumed, for line 15. —Duty Trial Com- 
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MEASUREMENT OF WATER BY MEANS OF WEIRS, TUBES, AND NOZZLES. 


THe following memoranda in regard to the measurement of 
water by means of weirs, tubes, and nozzles are appended to the 
report, in order that these systems may be readily availed of 
whenever it is practicable to do so. It is not attempted to give 
full directions here, but simply the general principles which 
should be followed in order to obtain reliable work. The : 
reader is referred to the accounts of various investigators them- 
selves, who have experimented in these lines, for the detailed 
instructions which cannot here be introduced : | 7 


WEIRS. 


The measurement of water by the use of weirs is generally based, at the ga > 
ent time, on the results of experiments made by Mr. James B. Francis, C.E., 
Lowell. in 1852, an account of which is given in Lowell Hydraulic Envi. 
ments, D, Van Nostrand. These experiments led to the construction of iol 
following formula, which is known as the * Francis Formula,” viz. : 
Q = 3.33 (L — 0.211) x Hi, 


in which Q is the discharge of water in cubic feet per second, Z the length of the’ 
weir, and /7 the depth on the weir, ail of these measurements being in terms of 
the English foot. The coefficient, 3.33, was obtained from the mean of cighty-eight 
experiments, the greatest variation from the mean in any individual case being 
one per cent. The length of the weir, in al] but six of the experiments, was 
approximately ten feet. The depth of water on the weir varied from 7 to 19 
inches. The formula applies to that type of weir having perfect contraction at 
each end, which was the form used in sixty-five experiments. 


The weir was of rectangular cross-section, with a Lorizontal crest and vertical 
ends. The upper edge was made of cast iron, and the corner presented to the 
current was square and sharp, The horizontal part of the crest was one-fourth of 
an inch wide, and the remaiuing part was bevelled off at an angle of 45°. The > 
ends were of similar cross-section to the crest. The depth on the weir was taken 
by means of hook gauges, six feet from the weir, these gauges being placed in- 
wooden boxes situated on the sides of the canal and communicating with the | 
water through small openings. Vertical gratings, for overcoming eddies in the | 
current, were provided above the gauges, The distance from the side of the “oll 


tothe end of the weir was about two feet, and the depth of the canal below the 
crest was, in most of the experiments, about five feet. 

The Francis Formula is applicable only to eases similar to the ones described. 
According to Mr, Francis’ statement, it cannot be applied where the depth on the 
weir exceeds one-third of the length, nor to very small depths; furthermore, the 


¢ 


ERRATUM. 


Members having Volume XII of th Transactions of the American 
Society of Mechanical Engineers,” or copies of Paper 881 — “ Report of a 


Committee on a Standard Method of Conducting Duty Trials of Pumping 


Engines,” are requested to insert the slip below, or to make the indicated 
correction at page 556 of the Report and Volume 
F. R. HUTTON, Seeretary. 
For 
It’ 
on page 556, Volume XII, A. S. M. E., 
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ERRATUM. 


3s to errancy inp transcribing texts which gives 
so much trouble to higher criticism, the erratum slip sent to the member- 
ship in May bas been proved itself incorrect. 


With the fatal pronene 


If the Secretary could only 
retire behind convenient proof that he *‘did not write it,” but that it is the 
patchwork of some P.J. and E., he would at least escape the necessity of 
an apology 


But that necessity is upon him. So that in place of the slip 


sent vou, substitute the request herewith in the form, 
‘*Members having Volume XII of the ‘Transactions of the Ameriean 
Society of Mechanical Engineers,’ or copies of Paper 381—: Report of a 


Committee on a Standard Method of Conducting Duty Trials of Pumping 
Engines,’ are requested to insert the slip below, or to make the indicated 
correction at page 556 of the Report and Volume.” 


F. R. HUTTON, Seeretary. 
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on page 556, Volume XIT, A. S. M. E 
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distance from the side of the canal to the end of the weir should not be less than 
three times that on the weir. 

In using the formula, the depth of water on the weir should be corrected for 
the head due to the velocity of approach according to the formula 


in which //' is the corrected depth, 77 the observed depth, and / the head due to 
the velocity of approach, This last may be determined from the formula 


in which V is the velocity. of eppeench in feet per second, which may be deter- 
mined by dividing the uncorrected discharge of water, in cubic feet per second, 
by the area of the cross-section of the stream flowing through the canal, in square 
feet. 

The reader is also referred to the experiments on weirs made by Hamilton 
Smith, Jr., described in Smith’s Hydraulics, and to those made by Fteley and 
Stearns, described in Transactions American Society of Civil Engineers, 1883. 


VENTURI TUBES. 


Mr. Clemens Herschel, CE Mes Holyoke, Mass., in a paper read before the Amer- 


ican Society of Civil Engineers, December 21, 1887, and printed in their 7yavs- 
actions, November, 1887, and January, 1888, recommends the use of a Venturi 
tube, inserted in the force main of the pumping engine, for determining the 
quantity of water discharged. Such a tube, applied, for example, to a 24-inch 
main, has a total length of about twenty feet. At adistance of four feet from the 

end nearest the engine, the inside diameter of the tube is contracted to a throat 
having a diameter of about eight inches. A pressure gauge is attached to each of 

two chambers, the one surrounding and communicating with the entrance, or main 

pipe, the other with the throat. According to experiments which Mr. Herschel 

has made upon two tubes of this kind, one of which was four inches in diameter 

at the throat and twelve inches at its entrance, and the other about thirty-six 
inches in diameter at the throat and nine feet at its entrance, the quantity of water 
which passes through the tube is very nearly the theoretical discharge through an 
opening having an area equal to that of the throat, and a velocity which: is that 

due to the difference in head shown by the two gauges. Mr. Herschel states 

that the coefficient for these two widely varying sizes of tubes and for a wide 
range of velocity through the pipe was found to be within two per cent., either = -! 
way, of 987. In other words, the quantity of water flowing through the tube | 
per second is expressed within two per cent. by the formula 


W=0.98 x A x V 29h, 


in which A is the area of the throat of the tube, and / the head, in feet, corre. 
sponding to the difference in the pressure of the water entering the tube snd 
that found at the throat. 

The accuracy of this form ef measurement has not been determined under con- 
ditions which apply exactly to pumping engines, but the results here alluded to 
give promise of its becoming a valuable aid for this purpose, when thoroughly 
developed. 


i 
a 
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: NOZZLES. i 


lhe measurement of water by computation from its discharge through orifices, 
or through the nozzles of fire-hose, furnishes a means of determining the quan- 
lity of water delivered by a pumping engine which can be applhed without much 
difficulty. Mr, John R. Freeman, (.E., of Boston, has carried on a series of 
investigations upon fire-nozzles, described in the Transactions American Soci ty 
of Civil Engineers, November, i889, which are of value in this connection, Mr. 
Freeman’s experiments covered a wide range of pressures and sizes, and the 
results showed that the coefficient of discharge, for a smooth nozzle of ord nary 
good form, was within one-half of one per cent., either way, of 0.977 ; the diam- 
eter of the nozzle being accurately calipered, and the pressures being deter- 
mined by means of an accurate gauge attached to a suitable piezometer at the 
base of the play-pipe. 

In order to use this method for determining the quantity of water discharged 
by a pumping engine, it would be necessary to provide a pressure box, to which 
the water would be conducted, and attach to the box as many nozzles as would 
be required to carry off the water. According to Mr. Freeman’s estimate, four 
1}-inch nozzles, thus connected, with a pressure df 80 lbs, per square inch, would 
discharge the full capacity of a two-and-a-half-million engine. To serve the same 
end, Mr. Freeman suggests, in the Journal of the New England Water Works 
Association, March, 1890, the use of a portable apparatus with a single opening 
for discharge, consisting essentially of a Siamese nozzle, so called, the water 
being carried to it by three or more lines of fire-hose. 

To insure reliability for these measurements, it is necessary that the shut-off 
valve in the force main, or the several shut-off valves, should be tight, so that all 
the water discharged by the engine may pass through the nozzles, 
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PROPERTIES OF SATURATED STEAM. 


[From Charles T, Porter's treatise on The Richards’ Steam-Engine Indicator 


Preee- Sensible Heat | Total He Wei : 
ure Sensible Hea otal Heat eight of 
above Temperature. above Latent Heat. above One Cubic 
be zero Fahr. zero Fahr. | Foot. 
zero. 
| 


Lbs. per B.T.U. | B.T.U. B.T.U. Lbs, 


sq. in. 


102.08 1042. 1145.05 0080 
126 1026. 1152.45 0058 
141. 1015.25 1157.1: 0085 
153 . 3! 1007.* 1160.6: 
162.7 1000. 1163. .O137 
170.5 995 1165.8 -01638 
177.4: 990 1167.8 -O189 
183.- 96. 1169.73 0214 
188. 1i71.: -0239 
193.$ 978.95 1172 OR 64 


to 


198. 975. 1174.2: 
202. 7 72.8 1175.53 .0313 
206.7 70.0% 1176.73 . 0857 
210.4: 1177.8: 0362 
213.9% 96 1178. 
217.2% 962.6! 1179. -O418 
220. 30.45 1180.8! 0437 
223. 958 1181.7 - 0462 
226.2 956 .: 1182.6: 
229 . 03 954. 11838 0511 


234.2 0. 1185.0 
236 6 949. 1185. 7: 
239.0% 947.4: LIS6. 0610 
241.¢ 945.8% 1187.1: 0634 
243.5 2 i1S7. 
245.6 94. 1188. 4: 
247. 941.3: 1189.06 0707 
249.7 939. § 1189.67 .O731 
251.7% 938 . 9% 1190.26 


0561 


281.4 1184 | 0536 


253. 937. 1190.83 0779 
255.5 935.8: 1191.38 OR03 
257 . 3: 934. 1191.9: 
259. 933 .: 1192.46 
260). 8: 82.1! 1192.98 
262.5% 930. § 11938. 
264.18 1193.98 
265.! 928.6 1194.47 O946 
267 .38 1194. 0970 

1195.- 0994 


1195.86 
1196.3 .1041 
1196.7 
1197. . 1088 
1197.6 1111 
1198. 


102.00 
126 26 
4 153.07 
5 162.33 
6 170.12 
176.91 
182.91 
9 | 188.31 
10 198.24 
11 197.76 
12 201.96 
13 205.88 
14 209 56 
15 213.02 
= J 16 216 29 
17 219.41 
_ 18 222.37 a 
20 227.91 
a” 21 230 51 
22 233.01 
23 235.48 
24 237.75 
25 240.00 
26 242.17 
27 244.28 
28 246.32 
29 248.31 
30 250.24 
31 252.12 
32 253.95 
33 255.73 
; 34 257.47 
35 259.17 
36 260.88 
: 37 262.45 
38 264.04 
39 265.59 
40 | 267.12 
ry 41 268.61 270.46 925.40 
| 270.07 271.95 924.35 
43 271.50 273.41 923.33 
44 272.91 274.85 922.32 
274.29 276.26 921.33 
46 275.65 277.65 920.36 
| | 4 
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TABLE No, 1.—Continued. 


Sensible Heat Total Heat Weight of 
Temperature. above | Latent Heat. above One Cubic 
zero Fahr. zero Fahr. Foot. 


Press- 
ure 
above | 
zero. 


Lbs. per Fahr. Deg. | B.T.U. Lbs. 


276.98 279.01 919 .42 .1158 
278.29 280.45 918.4 -1181 
279 281.67 917 .! 1199.2 .1204 
280.87 282.96 916. 6: 1199. 1227 


28 '. 284.24 915.7 1199.§ .1251 
283 . 285.49 914.8 1200.3: .1274 
284.5: 2N6 . 72 913. 1200. 7% .1297 
285. 287 .95 913.1: 1201.08 . 1320 
286 289.15 912.2 1201. | .1843 
290 33 911 46 1201. 

289. 291.50 910.6 1202. .1388 
292.65 909. 1202.48 .1411 
291.4: 293. 909.03 1202. .1434 
292 . 5s 294. 908 1208.14 .1457 


293. 296. 907 | 1203. .1479 
294. 207. 906.7 1203.8 .1502 
295. 298 . 18 905 1204.1: .1524 
296 . 7 299. 905 2 1204. 
297 300.5 904.46 1204, . 1569 
298.78 301.3: 903.7: 1205. . 1592 
299. 802.: 9038. 1205.§ .1614 
300. 803.¢ 902 . 24 1205.6 

301.7 304.3 901.5! 1205 .§ 

302. 305. 900. 1206.5 


303. 306.35 900 206.5 
304. 307.3 899 . 5: 1206.8: 
305.5: 308 R98 1207.1: 
306. B09 . 22 898. 1207. 

307 .: 310.16 897.5: 1207.68 
BOR 24 311.08 895.8 1207 

809. 312. R06 . 2: 1208 .2 
310.06 312.9% 895! 1208.5 
310. 313.82 894.9% 1208. 
311.! 314. 894. 1209.04 .1901 


312. 315. 5$ 893. 1209.3 .1923 
313. 316.46 893 1209.! .1945 
314.36 317.3% 892. 4 1209.82 .1967 
315.18 318. 891.88 1210.07 -1988 
316.0% 319. 891.5 1210. .2010 
316.8: 319.88 890 . 6S 1210. .2032 
317.6! $20.7 890. 1210. . 2053 
818.4! $21.5 889. 5: 211.06 . 2075 
319. $22.3 8x8 . 211. 2097 
320.03 $23. 888 211 .55 .2118 


320. $23 . 9! 887.8 
92 $21.5 324. 7 887.2 
93 | $22, 325.5 
94 $23.12 $26.3: 885.1: 
95 | 323.88 327.13 885. 


4 


.2139 
2160 
.2182 
. 2204 


2224 


4 
559 a 
a 
47 
48 
49 
52 | 
53s = 
54 
55 al 
56 4 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 | 
68 
64 
79 
80 
1 
1 
1 
1 
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TABLE No. 1.—Continued. 


Sensible Heat | Total Heat Weight of 
Temperature. | above | Latent Heat. above One Cubic 


above zero Fahr. zero Fahr. Foot. 


zero. | 


— 


Fahr. Deg. B.T.U. B.T.U. Lbs 


324.63 27.90 
325.37 67 
326. 

326.8 

327.! 


$28 . 
329. 
829. 
3380. 
331. 
331. 
332. 
333 
333.8 


335. 
835.85 
336 
337. 
337 .! 
888.45 
339. 
339. 
340.36 
340. 


841. 
$42 . 2: 
342.87 
343. 
344. 
344.6 
345.8 
345. 
346.4! 
3847.0! 


S: 


347.6 

348 . 2% 

348 

349 . 38 3538. 
349. 854.0! 
350.55 354. 866. 220.8% .B060 
351. 355 . 2¢ 221.0% 
$51.7 355.81 5. 221. 
352.5 356.39 864. .d118 
352. 356.96 all 221 . 5: .0138 


353. 357.54 
353 86 358.11 
354. 358 . $7 
354.$ 359.24 


98 883.97 213.40 2288 
99 883.44 213.62 2809 
100 882.91 213.84 23380 
101 9 351.67 882.39 1214.06 2351 
102 | ) 332.41 881.87 1214.28 2371 
108 1 333.14 881.35 1214.50 | 23892 
104 1 333 . 86 880.84 1214.71 | 
105 1 334.58 880.34 1214.92 2434 
106 335.30 879.84 1215.14 
107 336.00 879.34 1215.35 2475 
108 7 336.71 878.84 1215.55 £2496 
109 5 337.41 878.35 1215.76 2516 
110 338 10 877.86 1215.97 2537 
111 338.79 877.37 | 1216.17 (2558 
112 339.47 876.89 1216.37 | .2578 
113 340.15 876.41 1216.57 | 2599 
114 340.83 875.94 1216.77 2619 
115 341.50 875.47 1216.97 2640 
116 342.16 875.00 1217.17 .2661 
117 $42 .83 874.53 1217.36 2681 
118 343.48 874.07 1217.56 
119 344.14 873.61 1217.75 2722 
120 344.78 873.15 1217.94 2742 
345.48 872.70 1218.13 272 
346.07 872.25 1218.32 
346.70 871.80 1218.51 
347 . 34 871.35 1218.69 2822 
347.97 870.91 1218.88 
348 .59 870.47 1219.06 .2862 
349.21 870.03 1219.25 2882 
349.83 869.59 1219.43 
350.44 869.16 | 1219.61 2922 
135 | 
136 
| 
138 
139 | 
140 | 
ie | 
141 864.16 1221.70 | .3158 
142 863.76 1221.87 | (3178 
143 | 863.86 1222.03 3199 
144 862.96 | 1222.20 | 8219 
| | 
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TABLE No. 1.—Continued. 


561 


Temperature. 


. Deg. 


Sensible Heat 
above 
zero Fahr. 


B.T.U. 
59.80 
85 


91 


46 
2.01 
2.55 


| 


WS WD BW 


So Se St or or 


09 09 09 09 0D 


Weight of 

One Cubic 
Foot. 


| 
| 


Lbs. 


.3239 
3 


.8319 
.8540 


. 3394 
.3412 
. 38430 
.3448 
8484 


.8907 

3925 
.3944 
. 38962 
. 8980 
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TABLE No. 1.—Coneluded. 


Press- 
ure 
above 
zero. 


Sensible Heat Total Heat Weight of | 
Temperature, above aatent Heat. above | One Cubic — 
zero Fahr. zero Fahr. | Foot, 


Lbs per Fahr. Deg. Lbs. 


sq. in. 


194 379 . 08 884.23 
195 379.4! 384.67 
196 319.97 385.1: 
197 880.30 885. 
198 7: B86 
199 $81.1 386. 
200 381.! 886.8 


-4100 
ATs 
-4214 
A249 


201 ssl. 387.382 2% 4266 
202 382. 387.7 S42 .! 230.5 -4283 
203 382.8% 3838. 

204 383 .2 38S . Os 
205 3883 . 6 8389 

206 384. 389. 

207 884. B89. 
208 83 390.3: 
209 390 . 7! 
210 $85.6 


TABLE No. 2. 
QUANTITIES OF HEAT CONTAINED IN ONE POUND OF WATER AT VARIOUS. 
TEMPERATURES, RECKONED FROM ZERO, FAHRENHEIT. 
[From Charles 'T, Porter’s treatise on The Richards’ Steam-Engine indicator.| 


Heat contained 
above zero. 
| 


Heat contained 
above zero. 


Temperature. Temperature. above zero. remperatuarc 


Fahr. Deg. BTL. Fahr. Deg. B.T.U. Fahr. Deg. | B.T.U 


5.00 155 155.3% 276.$ 
160 160.3 2 | 282 
5.00 165 165. ¢ 
.00 170 170 
5.00 175 175 
-00 180 180.5 
15.01 185 185.5 
190 190. 
195 195.6 
200 200 .7 
205 205.81 
210 210. 
215 215.9: 
220 231. 
225 226 
230 231.1! 
235 236 . 2% 
240 241 ¢ 
245 246.: 
250 251.4! 
255 
260 261. 
265 266. 
270 271.27 
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844.68 
844.36 
844.05 
813.74 
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50 
60 
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100 
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COCCKXXVIL 


DISCUSSION OF REPORT OF A COMMITTEE ON A 
STANDARD METHOD OF CONDUCTING DUTY 
TRIALS OF PUMPING ENGINES. 


{NorE.—The report of the Committee was presented at the Convention held in 
Cincinnati, May, 1890. Copies of it were sent to a number of representative 
engineers and others, with a request that they should discuss it. The following 
contributions were received previous to November 1, 1890.—Sveretary. | 


Prof. R. H. Thurston.—I have read the report with some care 
and with much pleasure. There seems little to be said, in addi- 
tion to the statements made by the Committee, or in criticism of 
their proposed system of trials of engines and boilers. There 
certainly is no question of the desirability of formulating a 
standard system of trial which may serve as a model for general 
practice, and which will also give us such uniformity of practice 
as will permit an intelligent comparison of experimental results 
for scientific and business purposes. The independence of the 
engine and the boiler, in their economic performance, obviously 
makes it essential to such a scheme that the method of trial and 
of report should give measures of efficiency for each, and inde- 
pendently ; and the final basis of comparison must as evidently 
be, ultimately, one which will serve to indicate what proportion 
of heat energy is utilized. The now usual basis of work done 
per pound of fuel is entirely uncertain and unsatisfactory, as it 
involves the chemical composition and the method of handling 
and burning the coal, as well as the performance of the boiler, in 
the statement of the efficiency of the engine. Whatever system 
is adopted should be one which should determine the quantity 
of energy supplied to the engine in the form of heat, and the 
proportion of the energy so supplied which is utilized in the 
performance of tho duty of the machine. 

The deduction of the Committee is thus evidently right ; and 
the proper measure of energy supplied is the heat-unit. One 
million heat-units seems to be as satisfactory, as a standard 
unit in this comparison, as could be found ; both because it is a 
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figure easily handled in computation, and because it so closely 
measures the value of the better classes of coal burned in goo: 
boilers. The custom has lately become general of assuming the 
performance of an hypothetical boiler evaporating 10 lbs. of 
water “ from and at” the boiling point, as a basis of computation 
of duty of the engine. This substitutes for that figure another. 
differing from it but 34 per cent., and one which is, to my mind, 
better, and on the whole, practically more satisfactory. The use 
of the unit or scale-measure 1,000,000 heat-units in place of the 
older measure 100 lbs. of coal is in all respects advantageous. 
This will be still more desirable if the performance of the boiler 
is finally reduced in such cases to a similar basis. The sugges- 
tion of the Committee to this effect is one which I would cor- 
dially endorse. 

The second suggestion of the Committee —that the duty 
should always be computed from the quantity of heat supplied 
the whole “ plant ’’—seems sensible and logical. It should, I 

: think, be adopted as proposed in Article 4 of the Report, with- 
out qualification. The quality of steam must evidently be 
determined accurately, in order that the amount of heat sup- 
“Hlied in available form may be known, since it is only that 
amount for which the engine should be held responsible in its 


in the water thus taken to the engine is not only unavailable, 
but its presence in that fluid will always more than proportion- 


ally reduce the performance of any engine of good economical 
form. No engine of good design and intended for high duty 


; pen rsion of heat into work. Heat carried over with the steam 


~ean do good work except the steam be dry. 
The method of measuring the quantity of work done by the 
determination of the quantity of water raised and of the head 
against which it is pumped is a matter of supreme importance, 
and Tam not at all certain that the Committee have justified 
their proposal to take the plunger-displacement, corrected for 


“slip,” as the standard. I know of no way of determining witli 
any degree of certainty the total amount of the slip or waste in 
the pumps, except by the use of one of the other plans men- 

_ tioned as alternatives. I have myself used the weir in all cases 
and, so far as I have been able to judge, it has proved satis- 

- factory and is probably accurate. Certainly, using Francis’ 

formula and method of construction of the notch, all trials could 
be brought to substantially the same gauge, and that a fairly 


= = 
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exact one; in which ease the results will always be compavable 
and approximately exact—probably sufficiently so for all pur- 
poses of the engineer and of the proprietor of the engines. My 
own impression is that this “indirect” mode of measurement, 
as the Committee designate it, is more safe and exact than the 
direct measurement of the plunger-displacement can be made. 
Even if I were desirous of measuring the slip for the purposes 
intended by the Committee, I should, I think, adopt the weir if 
practicable ; and if it is to be thus employed, I should prefer to 
take its results as a direct measure of the water delivered rather 
than to travel around the circle to give figures of plunger-dis- 
placement. The precaution suggested by the Committee, the 
avoidance of error through leakage, cannot be too carefully con- 
sidered. It is often the source of uncertainty, if not of actual 
and serious error. 

I have been much interested in the results of investigations 
recently made in the use of the nozzle and of the “ Venturi 
tube” in this work. If, as now seems probable, the use of these 
expedients may be resorted to with confidence in the resulting 
measures of efficiency, it will often be found a most convenient 
method of avoiding much trouble and expense. The papers of 
Mr. Herschel and of Mr. Freeman, referred to in the appendix 
to the report, are particularly valuable as giving admirable 
accounts of the two methods as adopted by those distinguished 
engineers; and I should not hesitate, I think, to use either 
method as might prove most convenient in any pariicular case, 
the construction and use of the weir not being practicable. The 
large seale on which these gentlemen have worked relieves us 
of any uncertainty as to the applicability of either method to 
our purpose. 

The proposition made by the Committee, that the work of the 
engine should be measured outside the boundaries of the con- 
struction of which the efficiency is to be determined, is evidently 
right. The builder should be held responsible for wastes in 
his own machine ; but he should not suffer because of the intro- 
duction of friction-losses by the constructor of the distributing 
system. The only way of securing reliability and comparability 
of reported duties is to draw the line at delivery into the rising 
main, crediting the engine with net work done at that point, as 
proj sed. 

The recommendation that no air be admitted (Art. 6) is not 


ad 
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only to be taken as a recommendation, but as an essential 
requirement, if the proposal of the Committee to adopt the 
plunger-displacement as its measure of water delivered is acted 
upon, and should, I think, be stated more strongly and impera- 
tively. It seems to me a serious question whether many seem- 
ingly improbable reports of high duty, in earlier years especi- 
ally, may not have come of such error as is produced by failure 
of the pumps to fill and by the introduction of air. It is to be 
recollected that the entrance of air into the rising main not only 
reduces the quantity of water delivered below that given by 
measurement at the plunger, but it has also the effect of reduc- 
ing the head. The celebrated Wicksteed trials have always 
seemed to me to give results which are extremely improbable, 
and I have been much inclined to agree with many of the able 
engineers of their time and since, who have attributed the, in 
their opinion, extravagant claims made for the old Cornish 
engines to this fault in their operation during trial. It is the 
more probable, as it is not an uncommon method of easing their 
movements in regular operation. The air sometimes gets in 
through a loosely packed stuffing-box, sometimes through leaky 
joints, and often through a cock fitted in the suction side for 
that purpose. There is no reason to suppose that any such 
errors of reported duties as may stand recorded were due to 
deliberate deception. 

The adoption of the tables of steam-pressures and tempera- 
tures by the Committee, from Porter on the Jndicator, gives 
rise to the question which always presents itself on such occa- 
sions: of the many sets of tables now available, which is the 
most accurate, and which is on the whole besi adapted to thus 
work? Mr. Porter's well-known exactness and care, and the 
fact that he obtained his figures originally directly from Reg- 
nault, make it seem probable that they are perfectly reliable. 
But the handy and often-quoted tables of D. K. Clark, those of 
Nystrom, those of Haswell, and others of the older dates, differ 
in small degree usually, but enough to make it wise to select 
some one as standard ; while the later work of production of more 
elaborate tables has given rise to still others which we would 
all, I presume, like to be able to use with confidence. I lave 


used those of Buel in my own books and in some of my other 
work. Their author was very exact in his habits of work, and 
gave us, for the first time, all that the engineer desires to find 


—_ 


7 


IN DUTY TRIALS OF PUMPING ENGINES. 567 


in such tables. The latest of these tables, those of Professor 
Peabody, are beautifully printed and conveniently published, 
and are, so far as I have been able to check them, apparently 
very accurate. There are, nevertheless, discrepancies throughout 
the whole list of authors, and it would be a great boon to the 
engineer to secure such a comparison of authorities, so-called, 
as would determine definitely the extent, reason, and effect of 
such discrepancies, and the relative accuracy and value of the 
several tables for his purposes. The Committee on Steam-boiler 
Trials adopted the Porter tables without this definite knowledge 
of comparative merit ; but they felt that, all things considered, 
it was at the time certainly the best choice. They were accessi- 
ble to all; for few, if any, engineers are without the book in which 
they are printed ; they have been revised and re-revised ; they 
follow the experimental work of Regnault, and contain the essen- 
tial data. It may be safely presumed, I imagine, that the com- 
mittee here reporting adopted the same view. 

The Committee suggests that the duration of the trial should 
be restricted to ten hours. The usual length of trial is twenty- 
four hours, or more, in important cases. It is easy, however, 
adopting the system here proposed, to secure as accurate a re- 
sult in ten hours as in any greater length of time. One who 
has worked, as some of us have, a week at a time, in conducting 
such trials, with sleep only in alternate twenty-four hours, and 
not much at that, will be perfectly willing to subscribe to any 
plan which, without lessening the reliability of the work, may 
restrict it to shorter periods. 

_ The Committee has done a good work, and a most important 


one, and deserves, and I hope will receive, heartiest thanks for 
its services. 


Mir, F. W. Dean.—Passing by the methods of carrying out 
the details of a standard test of a pumping engine, which can - 
safely be intrusted to the Committee, | think that the makers 
and users of pumping engines, and scientific men generally, 
are to be congratulated upon the completion of this work. 
It will soon be wondered at that it was not undertaken years 


It seems hardly necessary to say that the heat-unit method 
of testing a pumping engine is the only logical one. Many en- 
- gihes are weighted down with inferior boilers, as everybody 
__knows, and it conveys no more idea of the engine to say that it 
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performed certain work with 100 lbs. of coal than merely to 
say that its cylinders are of a certain size. Every accom- 
plished engineer of the present day strives for exact methods of 
measurement and expression, and nothing more is to be desired 
when it is said that a certain engine performed certain work 
when using a certain number of heat-units. This leaves the 
boiler to rest upon its own merits, and it will receive none the 
less attention, for it is still an absorber of money. Its own per- 
formance will be expressed in exact terms. 

I sincerely believe that mechanical engineers should always 
be leading those with whom they are associated, and should 
never look backward because they cannot be understood. It 
has been objected to the heat-unit method that it cannot be 
understood by city water boards and unprofessional men, and 
that therefore the old “100 lbs. of coal” method of rating 
duty should be retained. This would be most deplorable, and 
would effectually block progress. Progress is difficult enough 
under any circumstances, when dealing with the average lay- 
man. The probability is that very few members of water boards 
understand what a foot pound of work is, and therefore what 
is meant by duty of pumping engines, however expressed. 
They have become habituated to the usual expression, and if 
they are of average brightness they can soon talk of duty when 
referred to the new unit. 

Mr. Albert F. I/all.—Tf it is desired to accurately determine 
the amount of water pumped, it can only be done by weir or 
nozzle measurement. If, however, the 
pump is to be used as a meter, allowance 
for leakage past the piston, or plunger, 
is the only one which can be legitimately 
made. Leakage past the valves cannot be 
determined, because this leakage will vary 
with the pressures, and these are not the 
same when the pump is at rest and in 
motion. All allowances for imperfect fill- 
ing due to the presence of air, as deter- 
mined from indicator cards, should not be 
permitted. 

Fia. 180, See “Versuche zur Klarstellung der 
Bewegung selbstthitiger Pumpenventile,” von C. Bach. 7 it- 
schrift des Vereins deutscher Ingenieure. Bd. XXX. and XXXI. 


ii 


4 

i 


= _ REPORT ON DUTY TRIALS OF PUMPING ENGINES. 


Allowance for leakage past the plungers may be determined as 
follows 

Let A (Fig. 180) be a grooved plunger moving in a cylinder 
in the direction shown, and let P be the pressure on the front, 
or foreing side, of the piston, and /’, that on the back, or 
draughting side. Let P,, P,, be the corresponding pressures in 
the grooves or recesses 4, C, D ; 6 the density of the fluid, and 
v the velocity of the fluid from one groove to the other. Then 
the fluid, in passing from A to &, or from B to C, ete., will 
suffer a loss of pressure represented by 


569 


=P, -—P, 


and consequently the total loss will be the sum of these, or = 


reed 
P— P,, 
24 


where x is the number of ridges, in the piston shown x = 5, and 
where ¢ represents the coefficient of resistance ; consequently 


If, on the contrary, the piston is made without grooves, or 
z= 1, then 


/ % P, 
where 7 is the length of the piston. This formula shows that 
the quantity of water leaking by the plunger in a given time 
is independent of the velocity with which the plunger moves, 
but varies directly as the square root of the difference of press- 
ure upon its two sides, and inversely as the square root of the 
product of the density and number of ridges. 
It is, therefore, correct to determine the loss through leakage 
past the plunger by ascertaining its amount when the plunger is 


= 


3 
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at rest, allowance being made, however, for the difference of the 
pressures on the sides of the piston when the pump is in motion, 
and those when the pump is at rest. 

For example, let P and /’, be the pressures on the forcing 
and draughting sides, respectively, when the piston is in 
motion, /’, and P; the corresponding pressures when the piston 
is at rest, then the quantity to be used in calculating the loss 
will be determined by the formula, 

P—P, 

P,— 
where (, = quantity determined by experiment when the piston 
was at rest. 

(See Weisbach’s Mechanics, Vol. UL, page 1025, German 
edition ; Braunschweig, 1855.) 

Regarding this question it may be well to quote the remarks 
of my esteemed friend, the late Mr. Hoadley. Mr. Hoadley 


said : 


“The loss by leakage at the pump plunger is directly propor- 
tioned to the quantity of water pumped; that is to say, it is 


directly proportionate, first, to the time ; and, since the quantity 
pumped at a certain rate is also proportionate to the time, the 
leakage is proportionate to the quantity pumped, and that irre- 
spective of the velocity of piston, or of the length of the stroke. 
Of two engines pumping a given quantity of water, under : 
given pressure, that engine having the larger plunger will be 
subject to greater leakage than that with the smaller plunger. 
The percentage of leakage in the engine increases with the 
decrease in the speed of the plunger. If the plunger were stand- 
ing still the quantity of water leaking by the plunger, in pro- 
portion to the water pumped, would be infinite, however small 
the leak. Im®f the plunger ran just fast enough to make up for the 
leakage, no water would be delivered, and then the leakage, 
instead of being infinite, would be simply 100 per cent. I the 
velocity be doubled, twice as mach would apparently be pumped, 
but one-half would slip back and the leakage would be ©!) per 
cent. And as the quantity pumped is increased the ratio of the 
loss due to leakage is diminished, whether the quantity pumped 
be made up by high piston speed and a small plunger, or by low 
piston speed and a large plunger. The ratio is to the quantity 
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and not to the piston speed; that is, the ratio of the cubical 
displacement of the plunger.” 

Mr. William Kent.—* When an injector is used a deduction is 
to be made for the increased temperature of the water derived 
from the steam which it consumes.” This is surely an error, 
and it should be corrected before final printing of the report in 
the 7'ransactions. 

The temperature of the water should be taken before it enters 
the injector, and if the steam is taken directly from the boiler 
being tested, as it should be, no correction or deduction should 


be made, the steam “ consumed” in heating the feed-water going 
back into the boiler in the shape of hot water, no heat being 
lost except by radiation. 

Mr. A, M. Wellington.—The report of the Committee on a 
Standard Method of Conducting Duty Trials of Pumping En- 
gines proposes a radical change from the past practice in sub- 
stituting a duty unit of “ 1,000,000 heat-units ” for the old “ 100 
lbs. of coal.” There is the plainest necessity for this in the 
widely varying qualities of coal, as well as in the occasional use 
of wood, petroleum, natural gas, and other fuels not coal; but the 
language of the Committee, in describing it, is, at least, highly 
ambiguous and contradictory in its terms. They say (all italics 
mine) : 

“One million heat-units is a quantity of heat corresponding 
to that produced in the combustion of 100 Ibs. of coal, which gives 
owt 10,009 heat-units per pound, or which produces an evaporation 

10,000 

965.7 
fuel.” 

It will at once be seen that this is an unscientific use of lan- 
guaye, to say the least, referring as it does to two quite distinct 
things, the heat “ produced ” and the heat put into the steam, as 
if they were one and the same thing; and this confusion goes so 


10.355 lbs. of water from and at 212° per pound of 


far that it is impossible to determine, except from the context, 
what the Committee really do mean. For just before they had 
been speaking of the uncertain and variable value of “100 lbs.” 
of coal, and proposed to substitute for it ‘“ 1,000,000 heat-units,”’ 
which certainly implies that they propose to use as a unit the 
theoretical heat-units in the coal, and not in the steam. This is 
the only way, in fact, in which the new unit can be used for tests 
of boiler efficiency which shall be generally comparable. With 


roe 


this interpretation the first half of the sentence quoted above is 
entirely consistent, but the last half of it is wholly inconsistent. 
The last half of the sentence above quoted expresses what 
seems to be really intended, however, and this should be made 
so clear as to be unmistakable. But, even then, the form given 
on pages 23-25 for boiler test reports does not seem to be con- 
sistent with this intention, for if the unit of comparison is to 
be units of heat put into the steam, and boiler tests are to mean 
anything when made with different coals and compared with 
each other, instead of the one line : “ Number of pounds of coal 
required to supply 1,000,000 B. T U.,” there should be two 
lines: “Theoretical value of 1 lb. of coal in B. T. U.,.” and 
“Number of heat-units produced, to supply 1,000,000 B. T. U.” 
It is true that the theoretical value of the coal is often not 
known, but it is readily determined from a chemical analysis, 
and is usually already of record. To be consistent, the com- 
mittee should make this change in their form for boiler tests. 


It already requires that the moisture in the coal shall be deter- 
mined. 
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With these exceptions the report seems to be an excellent 
document, calculated to do much good in unifying practice, and 
enabling various tests to be readily compared with each other. 

Mr. John R. Freeman.—My comments at this time will refer 
only to that part of the Committee’s report relating to the 
measurement of the water pumped. 

Methods and apparatus for tests like this, or for general use 
by different engineers at widely differing times and places, in 
not only comparing with strict fairness the merits of different 
machines, but also for serving with exact justice as a basis of 
settlement in contracts between buyer and seller, require first of 
all a straightforwardness and simplicity which shall place the 
result above e suspic ion. 

I think I am voicing a general sentiment to say that when, in 
discussing past tests of pumping engines, the fact appears tliat 
the water was metered by the strokes of the pump itself, sus- 
picion as to the exactness and certainty of the figures is at nce 
aroused, and often with good reason. 

The method of using the pump as its own water meter is 4 
very convenient one, and for this reason has often been ado) ted. 
Moreover, the range of error in its use in connection with the 
leakage test proposed by the Committee would, for a guess, })r0b- 
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ably very seldom exceed 5 per cent. or possibly 10 per cent. It 
is thus accurate enough for many purposes, but is if a method 
certain enough to be recommended by this society for duty 
trials on pumps of all sizes, speeds, makes, and conditions of 
repair ? 

The method recommended will generally tend to give results 
which are slightly too high and slightly in favor of the builder 
of the pump. 

Some of the sources of error in the method proposed by the 
Committee are: 

Ist. That it neglects wholly the back-flow of the water imme- 
diately under the lifted valves at end of stroke. A pump could 
undoubtedly be so built and so adjusted that this would be 
zero. Or it is probable that in a pump running at high speed, 
particularly if its pipes were small, or if it took its supply 
under a head, the momentum of the rapidly moving water 
column might cause a “negative slip” of considerable magni- 
tude. 

A positive slip or loss by back-flow will, in all probability, 
oceur with almost any ordinary pump. To get an idea of the 
per cent. of error this may introduce, we may first assume that 
the back-flow equals the cylinder of water standing under the 
full area of the valve disk, and of height equal to lift of valve. 
Then for a plunger 1 foot in diameter and of 1 foot stroke, with 
valve area 50 per cent., and six valves ina set, a very simple com- 
putation shows the loss in suction and discharge valves together 
would be equal to 4 per cent. for the case assumed, even though 
we considered the amount of lift as only half the lift necessary 
to give a water way under edge of valve equal to the area 
through its ports. With a pump in good first-class condition I 
have no idea the back-flow would be so great as just computed. 

If it happened that valve movements were sluggish by reason 
of inertia of valves, feeble springs, or a little friction of valve on 
its stem, then the back-flow might be very much greater than 
under the conditions assumed just above. 

21. It appears reasonable to suppose that the leakage past a 
plunzer sliding through an unpacked ring, which is now the 
most common and approved type for the ordinary Duplex 
pumping engines, may be somewhat different at full speed from 
that at rest. 

‘The movement of the surface of the plunger in a direction 
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opposite to the leakage flow would tend to drag the water 
along with it and thus to lessen the leakage. The extent to 
which it would do this should be investigated before assuming, 
as do the recommendations of the Committee, that this action 
would be nil. 

3d. Air “snifted in” to the suction, or leaking in through 
some imperceptible crack, might seriously vitiate the result as 
computed by plunger-displacement. 

In some types of pump an expert might detect that this was 
going on by the irregular action of the pump. In some other 
types of pump it would not be so manifest. 

Our standard method should be one which will give the truth 
for any type of pump. 

It would, therefore, seem as though the Committee should 


have made some more positive and definite recommendations 
regarding the application of indicators to the water cylinders 
for detecting this. 

The question also arises as to whether in the absence of such 


positive statements an unscrupulous maker, knowing his pump 
was to be tested under the recommendations of the Committee, 
might not so form the casting of his water cylinder that air 
enough should continuously lodge therein, and by its alternate 
compression and expansion give a fictitious value to the dis- 
placement, and very materially aid the pump in showing a high 
duty. 

The incomplete filling of water cylinders on quick-moving prinys 
with restricted passages is by no means rare. 

4th. The Committee state, “as soon as practicable after the 
completion of the main trial (or at some time immediately pre- 
ceding the trial), the engine is to be brought to rest and the rate 
determined at which leakage takes place,” ete., thus implying 
that a single leakage test would suffice. Is not this risky when 
such interests are at stake as in a duty trial ? 

Although the numerous suction and discharge valves were 
tested and found tight before the trial, they might be injure: or 
something get under one of them during the test; and if valves 
were tried and found tight both before and after the trial I 
think no engineer experienced in the care of pumps would say 
that it was at all outside the limits of possibility for a twiy or 
other small obstruction to get caught under a valve, remain 
there a few hours, meanwhile causing excessive slip, and finally 
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get loosened by the working of the pump, and pass out, thus 


escaping detection. 
A method endorsed by this society ought not to be merely 
one which under ordinary conditions will probably gree the truth. 
It should be a method which, when followed in testing a 


pump, be it small or large, with high piston speed or low, fly- 
wheel or steam-controlled, stroke of positive or variable length. 
and whether pumping filtered water or sewage, should lead to 
cf rtain results whose limits of possible error are clearly defined. 


The Committee have kindly alluded to some experiments of 


THE NOZZLE AS A WATER METER. 


my own on nozzles. 

I believe these experiments to be of great interest and impor- 
tance in reference to the subject now under discussion. 

The following cut, reproduced from the -/ournal of the New 
England Water Works Association, shows an apparatus which I 
designed with much care and had built a few months ago espe- 
cially for some tests on certain small pumping engines, bu‘ 
which, by reason of pressure of business, I have not yet found 
time to test and calibrate. 

I have, however, carefully tested a similar but less perfect 
apparatus. 

This apparatus, all complete, only weighs aboat 75 lbs. One 
man can easily move it from place to place after it has been 
set up; and it can be taken out from the packing-case, set up 
all ready for use in 10 minutes, and yet will, I think, prove equal 
to the gauging of a flow of 1,200 gallons of water per minute (or 
possibly 1,400 gallons per minute, which is at the rate of 2,000,- 
000 gallons per 24 hours) with an accuracy and certainty not ex- 
celled hy the best arranged weir. 


cr 


—— 
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This sketch was made before the apparatus itself was built, and the apparatus 
is even less unwieldy than the sketch might imply. In fact, to-day, the appa- 
ratus complete, with all fittings, lies packed for transportation in a common 
“steamer trunk” 80 inches long by 18 inches wide by 12 inches deep. 

The peculiarity of this Siamese nozzle lies in the very great care taken to so 
shape the waterways where the three streams unite and bend upward that no whirls 
or eddies shall be produced in the current of water past the piezometer and 
approaching the nozzle. 

First. The bends upward are circular ares carefully made tangent to the axis 
of the play-pipe, and made plane curves, avoiding even the slightest warping or 
corkscrew-like twist, lest the water current be thereby set rotating. 

Second. The cylindrical cross-section of the waterway of each of the three 
branches was carefully merged into a V-shaped section where the branches 
united near B, thus preserving a thin partition of metal between each, so the 
currents do not unite until the straight single pipe is reached at B. 

Third. The area of each waterway was carefully and gradually reduced as tlie 
branches came together going toward B, so that the water moves about 1) per 
cent. faster at B than at A. This gradual convergence tends to prevent eddies 
in the water at the concave side of the bend. 

Fourth. Hollow cross-connections between the three branches at A were 
formed in the casting, so that in case one line of hose happened to be deliverng 
more water than the others, the currents would, under the influence of the 
diminished area at B, tend to equalize, and thus give a more uniformly distrib- 
uted current in pipe approaching the nozzle. 

Fifth. To further reduce the liability to twisting of the currents, a thin 5-way 
‘‘ rifle blade,” so called, extends from for 16 inches toward this being +t s0 
that the blades halve the current from each of the three branches. At (, « sliort 
pipe serves to connect the pressure-gauge toa hollow ring covering four very 
carefully made piezometer orifices, whose inner edges are carefully finished flush 
with the inner surface of pipe, and which are also drilled exactly at right angles 
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‘tothe same. The three inlets to Siamese are each fitted with an ordinary hose 
coupling. Claws on the bottom of the Siamese prevent its kicking back, and 
two light movable props, which can instantly be folded up out of the way and 
held in the spring-hooks alongside the barrel, serve to conveniently support it 
at any convenient angle, as shown. 1 expect to find that by the use of a Y con- 
nected to the central inlet, it can also take the water from four lines of hose 
without thereby creating a disturbance or irregularity in the current such as to 
affect the gauge-reading or accuracy of the measurement to any perceptible 
degree. 


I have already done considerable experimenting in determin- 


ing the coefficients and the variation in coefficients for a simple 


but less perfect apparatus than this, or I would not be so san- 
guine about this one now illustrated. As it is, 1 have, in 
advance of the experiments, great confidence that this, under 75 
lbs. pressure, will measure a quantity up to 1,000 gallons per 
minute with a margin of error not exceeding 1 per cent. And 
that this degree of accuracy, namely, within 1 per cent., could 
be secured by the use of an apparatus which is merely a ma- 
chinist’s copy of the present drawings, and an assumed coeffi- 
cient. And I have reason to expect that any particular piece of 
apparatus like this, after being once properly calibrated by 
gauging its discharge into a tank, would, if used with a mercury- 
pressure gauge, give with perfect reliability results not varying 
more than one-half of 1 per cent. from the truth, providing 
the pressure were not unduly fluctuating. 

For a “duty trial” where large interests are at stake, nothing 
is so certain and unquestionable for measuring pressure as an 
open mercury gauge. Nevertheless, a Bourdon gauge will meas- 
ure the water pressure for this apparatus with as much pro- 
priety as it will measure the steam pressure in the boilers. 
And, in fact, will do it with greater accuracy for the reason that 
an error of 2 per cent. in the gauge-reading will at ordinary 
pressures introduce only about 1 per cent. error in the dis- 
charge. 

A good pressure gauge of the Bourdon type will serve almost 
every practical purpose if compared and rated before and after 
the test by the beautifully simple and accurate (if properly used) 
gauge tester made by the Crosby Gauge and Valve Co. (and 
which can in turn be quickly and absolutely verified by 10 lbs. 
Weight and an accurate micrometer caliper). 

This large nozzle thus forms a simple and accurate apparatus 
which can be very easily and cheaply transported from place to 
place, and can, if so desired, be easily calibrated once for all. 
Or, should any question arise, its indication can be verified by 
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measuring its discharge into any available tank during a given 
period of time. This period of time can be measured with great 
precision, being begun or terminated by quickly swinging the 
nozzle a little to one side. All the extra expense involved in 

fitting the pumping engine to receive it is to provide a suitable 
number of common hose-valves, connected to the delivery main 
at or near its junction with the pump. 

All the setting-up required is to connect three or four lines of 
good new rubber-lined hose (such as may be borrowed tem- 
porarily from almost any fire department) into the apparatus. 
A table or diagram of discharge for each pound of pressure 
ean be computed easily, so that nothing in the way of computa- 
tions will be necessary but to read the gauge and refer to this 
table or diagram for the number of gallons per minute. And 
in many cases the apparatus when used can simply stand in the 
engine-house doorway and discharge its water in a jet falling 
into a pond; or, in other cases, the jet can be received in a hood, 
and thence conducted back down into the pump well. 

The Committee state the obvious truth that to insure reliabil- 
ity for such measurements it is necessary that the shut-off valve 
leading to the mains should be tight. This is a matter which 
the engineer making the test can, in most cases, very easily make 
certain of. The excellent Chapman, Eddy, Ludlow, and other 
gate-valves common in the market are generally very free from 
any such leakage as could at the outside amount to a half of 1 
per cent. of the discharge of the pumps. Often the pipe beyond 
this gate can be emptied and dripped so as to show absolutely 
whether there is leakage ; and in general it is much easier to make 
certain of the tightness of this one positive gate-valve than of that 
of the numerous moving “ clapper” valves inside the machine. 

Or if the water must stand in the pipe outside this gate, a 
short experiment can be made first with a pressure on the 
pump less than in the outside main; and a second experiment 
with it greater than in the outside main. Since in the two cases 
leakage through this gate would be in contrary directions, its 
amount would be rendered obvious. 

For measurement of large volumes of flowing water under low 
pressure the weir must ever remain the standard method. Never- 
theless the discharge of water under the ordinary pressure of @ 
pumping engine affords special facilities for the use of the nozzle 
orofthe Venturitube. = 
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A properly constructed nozzle will prove equal or slightly 
superior in accuracy to the weir for such cases ; because, 

Ist. There is, with a nozzle of substantially this form, no un- 
certainty as to degree of contraction. 

2d. Although the hook-gauge properly mounted for meas- 
uring weir depths is an instrument of wonderful precision, a 
mercurial-pressure gauge may equal it in resulting precision by 
reason of working upon a quantity of so much greater magni- 
tude. 

For example, an error of ;/y inch (due to oscillations, settle- 
ment, improper location of gauge, ete.), in the depth of six 
inches, is 1 per cent. of the total depth, the same as 1 lb. would 
be of a total pressure of 100 lbs., but this error of 1 per cent. in 
depth over the weir would affect the computed quantity nearly 
three times as much as would 1 per vent. error in determining 
the pressure upon the nozzle. 

The discharge varies in the first case as the square root of 
the third power, and in the second case merely as the square 
root. 

The nozzle, for cases where the discharge can be wasted, pos- 
sesses some considerable advantage in accuracy over the Ven- 
turi tube by reason of the fact that only a single pressure is 
measured ; second, the play-pipe leading to the nozzle can be 
large enough to give a slow velocity past the piezometer, and 
thus in great measure avoid errors such as those which might 
affect the indications of the piezometer at the throat of the Ven- 
turi, where the velocity is so high that any little burr or projec- 
tion at the piezometric orifice would have much more influence 
upon the reading of the gauge; third, the magnitude of the 
quantity measured and furnishing a basis for the computations 
is greater, and may, therefore, be measured with a higher de- 
gree of relative precision. 

It is further stated by the committee that the objection to 
the indirect modes of measurement, as by the use of weir, tube, 
or nozzle, is that the person making the tests must educate 
himself in the manipulation of the apparatus chosen, so as to 
be himself assured of the reliability of the data. ; 

We may, therefore, ask which is the simpler and most easy 
to be assured of. To, use the nozzle in the first case, and— 

ist. Make sure that outlet gates of pump are tightly closed, 
and notice that the water is not leaking out over the floor at 
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the couplings of the hose ; and also, before or after the test, ex- 
amine the piezometer holes leading from the play-pipe outward 
to the pressure-gauge and see that they are flush and normal; 
caliper the diameter of nozzle outlet and verify the pressure- 
gauge ; and finally, make a short and simple computation based 
on one of the very simplest and most firmly established of all 
hydraulic formule. 

Or in the second case, to use the pump as its own water 
meter, and investigate the various sources of error to which | 
have called attention in the first part of my discussion. 

The Committee further stated as an objection the necessity 
for the use of coefficients which cannot be verified by the ob- 
server and which may not apply exactly to the case in hand. 

In reply to this 1t may be said that even if the coeflicient 
for the type of nozzle recommended were neglected altogether, the 
result would be no more inaccurate than metering by plunger- 
displacement is very likely to be, by reason of the back-flow of 
water under the valve. 

Excellent experiments by different observers and at different 
times and with nozzles differing materially in form, have shown 
this coefficient of discharge to affect the computed result only 


about 2} per cent. at most. And for this smooth and simple 
nozzle so arranged as to allow of but little friction-loss between 
gauge connection and orifice, 1 per cent. will cover the uncer- 
tainty from the use of the coefficient. 


Of course, after any piece of apparatus was once calibrated, 
the margin of uncertainty would be smaller. 

Everything about water measurement by this apparatus is 
in plain sight, and next to the use of an absolutely tight and 
comparatively smooth cistern it is hard to conceive of anything 
simpler and more certain, for the case in band, than the nozzle. 

This one 3-way Siamese shown in the sketch would probably 
take the whole discharge of a “2,000,000-gallon ” pump throu! 
its 2}-inch nozzle; but one could easily be designed and built 
to take that of a 4,000,000-gallon pump, or two or three of the 
size shown could be used. 

The device is in no way hampered by patents, but is at the 
service of the public. 

The main point about which I have apprehension is that the 
pulsations of the pump may cause inconvenience. Concerning 
this, experiments on various types of pumps can alone decide. 


: 
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I hope before the close of this season to report some tests on 
the apparatus shown in the sketch. 

| January 8, 1891.—I have since found opportunity to make a 
very full series of tests on the accuracy of the meter nozzle 
described above, and hope to present an account of these to the 
American Society of Civil Engineers in the course of a month 


or two. An aceuracy within one-half of 1 per cent. was shown 


easily attainable under a great range of pressures and with three 
‘different nozzles. The elaborate care given to the “Siamese ” 
AB, appears to have been wholly unnecessary for accurate 
metering ; and a plain smooth nozzle on the end of a plain piece 
of water pipe, with the simple addition of a sereen to remove 
eddies, should these happen to exist, gives a most accurate 
meter. Ihave used it in experiments on four different pumps, 


and in each case with great convenience and entire satisfaction. 


Mr. John BE. Codman.—In the first place I consider the work of 
the Committee very complete, and goes directly to the practical 
part of a test of pumping engines. 

In the second place it is simple, easily understood ; and any 
engineer can make a report in this form that ordinary mortals 
ean understand, which is not generally the case. 

In the third place when it is understood plainly that the “ stan- 
dard unit” is the equivalent of 100 Ibs. of coal, explanations as to 
the quality of coal, steam, boilers, poor firing, ete., will be looked 
upon with the suspicion they deserve. 

The proposition to establish a “standard heat-unit” in place 
of the very vague expression “ 100 /hs. of coal,” meets my idea of 
a conventional term even better than the term, “ 1,000 lbs. of 
steam. 

[ have insisted upon the use of equivalent, “1,000 lbs. of 
steam,” for the term, “ 100 lbs. of coal,’ and have so expressed 
it in specifications. 

The separation of the boiler plant from the pumping engine is, 
in my opinion, absolutely demanded in any test, or no compari- 
son of any value can be made between different steam pumping 
enzines. The condition of the boiler plant and all observa- 
tions connected with the boiler should be accurately recorded 
and given separately as part of the report, the same as though 
the boiler were being tested alone. In my opinion, very much 
of the proper duty of pumping engines depends upon the boiler 

plant. That there shall be a sufficiency of it, that the steam 
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shall be in its normal condition, regular in supply, constant in 
pressure, even and steady firing, and that no more labor is 
required than in the ordinary working of the plant, and these 
conditions require an absolute separation of the observation for 
an intelligent report upon one or both. 

The points in relation to the steam used in the jackets and feed 
pumps are also well taken. There seems to be much diversity of 
opinion and practice on this subject. In several tests which | 
have witnessed the steam condensed in the jackets was trapped 
back into the boiler and no record made of it, either for the bene- 
fit of engine or boiler 


In regard to feeding the boiler some machines require a sepa 


rate pump and a separate boiler to furnish steam to the feeding 
arrangement; in others the feed pumps are attached to the 
pumping-machine ; but in all cases 1 think the work done by the 
feeding arrangement should not be included in the duty per- 
formed by the pumping engine, but a series of separate observa- 
tions be made for this work, and a record made of it in such a 
manner that it can be shown as a distinct item. 

In determining the amount of work done by the pumps, the 
plunger-displacement is open to many objections, all of which 
the Committee fully understand. 

_I think an arbitrar y percentage of slip should be decided 
upon beforehand, and a clause inserted in the specification to 
that effect ; and for this reason, that I believe the leakage through 
the pump by incomplete seating of the valves, slip round the 
plunger, is far greater when the pump is running than when at 
rest. Of course, if it is possible to obtain a weir measurement 
it is to be insisted upon. 

In regard to testing the quality of steam, I have found thie 
barre! calorimeter to give as fair results as any arrangement | 
have yet tried, if properly handled, and the instruments used in 
observing sensitive and correct. 

The form presented for the report of the test is good, and, 
connected with the boiler form, will give a clear and rapid com- 
parison with other tests made in a similar manner. 

It is to be hoped that each member of your Society engaged 
in making tests of pumping machinery will be able cordially to 
endorse the standard presented by your Committee, and that it 
will eventually prove itself the best “Standard Method of Con- 
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Mr. Geo. H. Barrus (Chairman of Committee).—I1 have carefully 
looked over the remarks which have been made by Messrs. 
Wellington, Kent, Hall, Thurston, Freeman, and Dean, and I 
take this opportunity, in behalf of the Duty Trial Committee, 
to offer a few words in reply. 

Mr. Wellington criticises the language of the report in that 
part of Section 2 referring to the 1,000,000 heat-unit standard. 
I think that no one will be misled by the language of the Com- 
mittee after reading all that is given describing the manner in 
which the new unit is applied. The language to which he refers 
is not, however, strictly technical, and, in view of the criticism, 
suitable changes have been made in the revised copy. I do not 
endorse Mr. Wellington’s suggestion to change line 30, in the 
Table of Boiler Results, as he proposes. This quantity, that 
is, “ Number of pounds of coal required to supply 1,009,000 
B. T. U.,” is introduced so that by a simple calculation the 
results of the duty trial, according to the new unit, can be 
figured on the old basis of 100 lbs. of coal. It would be desir- 
able, however, to add a line to the table, as follows: ‘ Total 
heat of combustion of the coal obtained by calorimeter trial,” 
which would show the theoretical heating value of the fuel, 
and accomplish the end which I think Mr. Wellington has in 
view. This addition has therefore been made in the revised 
copy. 

Mr. Kent objects to taking the temperature of the feed-water 
discharged by an injector, and correcting for the heat added by 
the instrument, stating that this is evidently an error. If he 
wil! refer to the context, he will see that this is specified in a 
case where the water leaving the injector passes through a heater 
before entering the boiler. If, for example, the water left the 
heater at 200°, and entered the heater at 125°, being supplied 
to the injector at 75°, it would not be proper to work out the 
results of the test from the 200° reading. This reading would 
be corrected for the increase of temperature due to the use 
of the injector, which in this case would be 50°, and the actual 


temperature to be used, without going into the equivalent in 


heat-units, would be 200° — 50° = 150°. 

Mr. Hall is to be thanked for the analytical investigation as to 
the problem of leakage by the plunger, and the formula which 
he gives, showing the relation between the velocity of the 


_ plunger, pressure on the two sides, number of grooves, and den- 


= 
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sity ; as also for the formula for determining the allowance to be 
made for the differences of pressure under the running condi- 
tions, and those which obtain during the leakage test when 
the engine is at rest. The quantity of water which passes by 
the plunger on the leakage test should be corrected for the ditffer- 
ence of pressure referred to, especially where that difference is 
large, and it is desired to make the determination with great 
accuracy. The formula given enables this to be done. 
Professor Thurston’s interesting review of the report makes 
reference to two points which call for notice. One of these is 
the recommendation of the Committee to use Porter’s Steam 
Tables for making the necessary computations. In explanation 
of the course which the Committee has taken in this matter, I 
may say that they were guided mainly by the previous action of 
the Boiler Test Committee. The Sc wilety, by accepting the report 
of that commiitee, has already endorsed these tables, and we 
could not do otherwise than concur. The professor remarks 
that the Committee have hardly justified their reeommendation 
to use the plunger-displacement method of determining the 
work done. He inclines to what the Committee have termed 
the “indirect modes’ of measurement, by the use of the weir, 
tube, or nozzle. Mr. Freeman’s criticism is in the same line, 
though of more direct and forcible character, and they may 
both be taken up together. The Committee are fully aware that 
the method proposed is not entirely free from objections, and 
they have frankly expressed this feeling in the report. They do 
not claim that the “slip” of the pump can be fully determined 
by simply measuring the leakage in the manner proposed. 
Leakage is only one of three elements which go to make up slip, 
the other two being imperfect filling, due to the presence of air, 
and “ back-flow ” through the valves during the act of closing. 
One of these it is proposed to overcome by allowing no air to be 
“snifted in” during the trial. The air which finds its way 
through the stuffing-boxes and unsound pipe connections, and 
that originally suspended in the water, are believed to be so 
trifling that for practical purposes they may be disregarded. 
The slip may thus be narrowed down to two components, namely, 
leakage and back-flow. Back-flow does not produce such serious 
results as Mr. Freeman is led to suppose. This action occurs 
only when the plunger is at the end of the stroke. To be more 
exact, it does not occur until after the plunger has come to a 
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dead stop, and has commenced the return stroke. Under these 
circumstances, the forward motion of water through the valves, 
just previous to the time when back-flow begins, has reached a 
very low velocity, and the valves are lifted from their seats a 
correspondingly small distance. The calculation whereby Mr. 
Freeman obtains a loss of 4 per cent. in the instance which he 
cites, requires a lift of the valves amounting to about three- 
quarters of aninch. It is doubtful if in reality the valves are 
lifted to anything like this extent, even during the middle portion 
of the stroke, when the water is passing through at the greatest 
velocity. Certainly the lift would be reduced to a much smaller 
distance at the time when the slow motion is reached at the end 
of the stroke. I should be quite surprised if it exceeded one- 
eighth of an inch at this time, and it is not improbable that it 
would be so small as to be almost imperceptible. One of the 
members of the committee, Mr. Nagle, made experiments on the 
lift of a double-beat pump valve, which he designed and used 
on the Nagle high-service pumping engine, Providence, KR. L., by 
attaching a rod to the center of the valve, so arranged as to 
record its movements upon a steam-engine indicator outside, 
the rod acting through a freely working stuffing-box. Copies of 
diagrams which he obtained are given in a paper which was 
read et the Erie meeting, in May, 1889, entitled “Cornish or 
Double-beat Pump Valves.”* Mr. Nagle’s conclusions were 
that “the lift of a valve is exactly proportioned to the velocity 
of the plunger.” It is believed, from these considerations, that 
the total amount of back-flow, with valves of good construction, 
will never exceed 1 per cent. of the quantity of water actually 
pumped, and this is comparatively insignificant. 

Leakage, then, appears to be the most important factor in the 
production of slip, excepting, of course, that occurring in engines 
with outside packed plungers. The loss from leakage is liable 
tobe considerable, for it must be remembered that in many engines 
the plunger consists of a solid plug, without packing other than 
a series of grooves, and a certain amount of leakage must be 
allowed in order that the plunger may be loose enough to work 
Without undue friction. This is especially true when the pump 
is one which has been in service for a considerable period of 
time, and the plunger has become reduced in size by wear or 
abrasion of the surfaces. Though the determination of the 


* Vol. X., page 527, Transactions A. S. M. E., 1889 
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amount of leakage does not furnish the full measurement of the 
slip, as thus pointed out, the Committee believe that for the 
practical purposes of the standard method it meets all necessary 


requirements. 

Mr. Freeman objects to the leakage test because the leakage 
may be different at full speed from that at rest, and furthermore 
because the leakage of the valves may be greater at the time 
of the duty trial, through some unfortunate obstruction under 
the valves, than it is on the leakage test. It is true that leakage 
in motion and leakage at rest may be different. But this is 
somewhat problematical, and if there is a difference it must be 
of small account. It is true also that obstructions which lodge 
under the valves would increase leakage, but in this matter it 
may be said that we do not want the results of a duty trial to be 
made dependent upon the accidental presence of such obstruc- 
tions, or even upon the presence of imperfect valves. If such 
defects occurred in a trial where the water was accurately meas- 
ured by weir or otherwise, we should desire to make some kind 
of allowance for the imperfection, so as to give the engine a fair 
chance. In measuring leakage in the manner proposed, such 
obstructions or imperfect valves would be first of all removed, 
and the conditions. made to apply in like manner to unimpeded 
valve action. 

The general principles which governed the Committee in 
deciding that the plunger-displacement method of determining 
the work done was the best, are as follows: The duty of a 
pump is a quantity computed from the number of foot powu’s 
of work expended in moving the water. I think that all engi- 
neers will agree with me that the indicator diagram taken from 
the water end of the pump furnishes a true expression of the 
work directly expended in pumping. The diagram tells nothing 
regarding slip, and little regarding the actual quantity of water 
delivered, but it furnishes data for calculating precisely the 
number of foot pounds of work which the plunger imparts in 
moving the body of water through the pump. This is not ouly 
an exact measurement of the work done, but it is a scientific 
one, and the truth of this position cannot be assailed. Passing 
a step farther, the work found by measurement of the pump 
card, less that due to overcoming the friction of the valves and 
passages in the pump, is an equally true representation of what 
may be called the “net work” done. This last is the measure 


a REPORT ON DUTY TRIALS OF PUMPING ENGINES. 587 


ment of work upon which the proposed standard is based. It 
has the advantage of being unaffected by leakage or back-flow, 
unless these be enormous, and the effect of air is overcome by 
having no air snifted in. It is accurate and scientific, and no 
guesswork needs to be resorted to in making the computation. 
It is applicable to all classes of pumps and all kinds of service. 
The method can be followed by any intelligent person who is at 
all familiar with the work of making a pumping-engine test. It 
has, moreover, been largely used by pump manufacturers and 
experts, and there is nothing which stands in the way of its uni- 
versal application. The data to be determined are no different 
from those determined in the most elaborate trials which em- 
brace the measurement of water by weir or other means, and 
the results of this determination are given in all the duty 
trials which have any claim to completeness. Surely these 
reasons are amply sufficient to justify the course which the 
Committee have taken in recommending that the duty be fig- 
ured from the plunger-displacement, and the reading of the 
suction and discharge gauges after the manner detailed in the 
report. 

It is hoped that the action of the Committee in making 
this decision will not be misunderstood. While making the 
duty result dependent upon plunger-displacement for the pur- 
poses of a standard of comparison of different pumps, and while 
making a determination, so far as possible, of all visible losses 
due to what is believed to be the main factor in the production 
of slip, that is, leakage, the Committee would also determine, 
wherever it is possible to do so, the actual quantity of water 
delivered, by the use of the weir or other devices for this pur- 
pose. It does not, however, seem wise to the Committee to re- 
quire that such measurement be peremptorily taken, and the 
figures of duty be based on the results of such measurements. It 
may be stated as a probability amounting almost to a certainty 
that if the standard were to be based either on weir measure- 
ment or that by means of the Venturi tube or by nozzles, it 
would be only in case of comparatively few trials that the 
recommendations of the Committee would be carried out. It is 
well known that so far as weir tests are concerned they are in- 
applicable without considerable expense to many cases of prac- 
tice. The only cases to my knowledge where a weir has been 
applied in the tests which have been made in the past, have 
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been where the water was discharged into a reservoir, the weir 
being located at the end of the pipe entering the reservoir. It 
is needless to say, therefore, that a weir standard would only be 
used on occasional tests. The use of the Venturi tube requires 
that such a tube be placed in the discharge main, of which it 
will form a part. If this has not already been done in the con- 
struction of the works, its use would require a certain amount 
of reconstruction. These would make the Venturi method of 
limited application. The use of the Siamese nozzle, which Mr. 
Freeman proposes, is something which appears to be highly 


commendable ; but this is as yet untried so far as pertains to the 
actual work of measuring the water discharged by a pumping 
engine, and this remark is equally applicable to the use of the 
Venturi tube. It would be idle for any committee to recom- 
mend either of these systems for a standard in what may be 
called their present undeveloped state, however well they may 
eventually be found to subserve the purpose. Mr. Freeman's 
remarks concerning the Siamese nozzle, which he has designed 
for making tests of this kind, are exceedingly full, and this, in 
connection with the account of his experiments on nozzles, fur- 
nish all that may be needed in the way of directions for those 
who wish to employ the method. 

The Committee believe that the proposed methods furnish a 
standard which accomplishes all that is desired for it, so far as 
it can be accomplished in the present state of the art. 

The Committee have solicited the discussion of several gen- 
tlemen who are not members of the Society, one of whom, Mr. 
John E. Codman of the Philadelphia Water Works, has kindly 
submitted his views. These are incorporated with the discus- 
sion of the members. 


The following discussion was presented verbally at the Richmond micting. 
November, 1890, and is appended to the contributed criticism. 


Prof. J. EF. Denton—I consider this report one of the finest 
pieces of committee work which has ever been done, not ouly in 
this society but in any society, and I want to express my adimira- 
tion of it in the strongest terms. It first strikes at the principal 
evil in current practice regarding methods of testing tlie per- 
formance of pumps. It brings out with greater emphasis the 
fact that we do not test the engine by determining the coal con- 
sumption, but we test the engine mixed up with what the boiler 
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does, and that is mixed up with what the coal may do, whichis _ 
a very variable factor, 

The appreciation of this is no new thing, of course. Watt 
expressed himself very emphatically about the necessity of 
measuring the steam consumption of the engine, and the fact 
has been recognized all through the history of steam-engines. 
The Committee go to very high ground in this matter. They | 
not only recommend that the water consumption per horse- 
power be the basis, but they say the thermal units used by the 
engine shall be the basis; and we know that of late years it has 
been prominently brought out, and in no better place than in | 
the little book of the chairman of this committee, that water 
consumption does not express the performance of an engine, but 
that the thermal units which it uses must be the true basis. With 
a non-condensing engine using 24 lbs. of water and heating the 


feed water to 212°, to state the water consumption per horse- 
power does not furnish a basis for comparison of the result with 
the performance of a condensing engine with the feed water at 
100. Therefore it has become necessary to state the per- 
formance of engines in heat units, and this report takes that 
ground. 

It will never be possible, of course, to divorce the coal con- 
sumption from the steam consumption entirely. While the _ 
expert naturally wants to eliminate all ambiguity, and therefore ae 
wants this distinction made between coal and water consumptioa, 
the man buying the engine wants to have the whole plant guar- 
anteed, so that the dollars which he pays out for coal shall give 
him a certain result in return; and furthermore the makers of 
pumping engines all have their particular boilers, and they pre- 
fer to put in engine and boilers and use the total performance 
of the plant as a basis of advertisement in many cases. Conse- 
quently I don’t believe it will ever be possible to divorce the 
coal from the steam consumption. For that reason I think both 
shoul be given; but the only practical scientific basis is cer- 
tainly the thermal units expended by the engine per unit of 
work, and this report brings that out in an admirable way. 

The report gives directions for testing the performance of an 
engine, which show an intimate acquaintance with all the details 
involved in a complete test, and while mentioning every possible 
method which is reasonable for measuring the delivery of water 
it avoids committing itself to those methods which can be con- 
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ceived of as the very ultimatum of perfection, but which are 
impracticable ; as for instance determining absolutely the deliy- 
ery of a pumping engine through artificial orifices. 

Mr. Freeman’s device, resulting from experiments of elabor- 
ateness which entitles him to the greatest credit as an experi- 
menter, is an instrument from which much may be anticipated 
in the future, but it certainly is not an available substitute for 
the method recommended in the report, which is to make the 
pump its own meter. I think that is the best basis, considering 
practical possibilities. We know that a pump which is ready 
for testing is generally fairly tight. If it is not, and the fact is 
discovered, why, it is made tight before the test is carried out. 
Therefore, if you test the leakage at rest you get so near a 
knowledge of the condition of the pump that if the leakage is 
reduced to a fair minimum, as the maker will insist on doing 
before he lets the test go on, the plunger displacement, corrected 
by the leakage determination, forms an entirely satisfactory 
basis of measurement. 

I want to say one word about Porter's steam tables. I should 
be sorry to see any other steam tables become standard in this 
country. Most of us know that Mr. Charles T. Porter has the 
soul of an artist. He has devoted his life to trying to do things 
with the utmost refinement, and in his early days it was part 
of his ambition to make these steam tables as accurate as com- 
putation could make them. I do not think the accuracy of the 
tables can be improved. Some years ago we had occasion to 
check the tables in comparison with Regnault’s experiments, 
and were much impressed with the exhaustiveness of M:. 
Porter's work. I hope Prof. Jacobus, who made the com- 
parison, will exhibit some of its results as a contribution to 
this discussion. 

Prof. D. 8S. Jacobus.—The report of the committee is an admir- 
able piece of work, and the following is not intended as a criti- 
cism, but is presented in order to add a few thoughts whic! have 
heen suggested in making trials of pumping engines. 

In the case of many pumping engines a continuous log is 
preserved of the weight of coal and the water pressures ‘n order 
to show the performance for long intervals of time. It would be 
unwise to introduce any conditions which will not allow results 
given by the above method to be obtained and quoted in some 
standard way. If, however, the report is adopted as it now 


; 


REPORT ON DUTY TRIALS OF PUMPING ENGINES. 591 


stands, together with all the recommendations which follow in 
the discussion, it would be impossible to do so. 


As the above method of testing over long intervals will neces- 

_ garily be followed in many cases, it would be well to include the 
duty calculated per 100 Ibs. of coal, as well as per 1,000,000 heat 
units. Again, the duty calculated from the coal is useful to par- 


ties having the supervision of pumping engines, as it represents 
the economy of the entire plant including the boilers. 

It is evident, in regard to the methods suggested in the dis- 
cussion for measuring the water delivered from the pump, that 
any method which prevents the pump being worked under the 
conditions which ordinarily exist, will be objectionable. In 
the case of a pump discharging water directly into the mains, to 
employ the Siamese nozzle, as recommended in the discussion, 
would necessitate shutting off the water from the mains, and 

thus wasting all the work done by the pump. If this is done 
there would be a tendency to make short tests in order to reduce 
the expense of the same, and such tests are often misleading. 
Ifthe duty be calculated from the piston displacement it would 
be well to specify that indicator cards be taken from the water- 
cylinders, at regular intervals during the test, in order to show 
that the valves operate uniformly. It is recommended in the 


report that this be done, but more importance should be given 
to it. 


In the case of a pump tested about a week ago, one of the 
water-valves gradually became inefficient, and the power to drive 
the pump diminished from 145 to 125 H. P. If therefore the 
pump had been tested in its final condition the duty calculated 
from the piston displacement would have been much too great. 

In the case of a duty trial which extends over several days, the 
indicator will show the moment when any irregularity occurs in 
the water-cylinders, and the test may be ended, whereas if tests 
are made for leakage before and after, and leakage is found to 
exist at the end of the test, it throws a doubt over the accuracy 
of all the results whieh have been obtained. 

In connection with the discussion in regard to the relative 
merits of the various steam tables now in use, I take the liberty 
of presenting the matter contained in Table I. that leads to the 
following conclusions. 

First.—The steam tables in general use give Regnault’s values 
for the pressures corresponding to given temperatures, and for 
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the total and latent heats of evaporation with all the accuracy 
necessary for practical work. 

Second.—The tables differ slightly in the values of the density 
of the vapor, which in some cases are derived from the experi- 
ments of Fairbairn and Tate, and in others by means of the 
thermo-dynamic relations that exist between the temperatures, 
and corresponding pressures and latent heats determined by 
Regnault. 

Third.—The greatest difference between the density of steam 
at ordinary pressures derived by Fairbairn’s experimental for 
mule and by thermo-dynamic laws is about 3°. 

Fourth.—The results obtained by thermo-dynamic laws are 
probably the most reliable. 

Fifth.—In special cases where scientific accuracy is required 
it would be most logical to make use of the densities derived by 
thermo-dynamic laws, as given in the tables of Rankine and 
Clausius, or as transformed by M. V. Dwelshauvers-Dery, 
instead of the experimental densities given in Porter’s tables. 
For all practical purposes, however, the experimental densities 
are sufficiently accurate. 

In Mr. Porter’s table which has been included in the report 
on the Duty Trials of Pumping Engines, the experimental den- 
sities are employed for pressures above that of the atmosphere, 
and the theoretical densities for pressures lower than the atmo- 
sphere. The difference in the values of the density as given in 
Porter’s tables and as determined by the thermo-dynamie for- 
mule, is about 2¢ for pressures in the neighborhood of 60 Ibs. 
absolute per square inch. Above this point the difference de- 
creases until the absolute pressure is about 125 lbs. per square 
inch, at which point the two values are the same. Above 125 lbs. 
per square inch the values differ in a reverse way from that which 
occurs between the pressure of the atmosphere and 125 lbs. 
At 210 lbs. absolute pressure, which is the highest figure given 
in the table, the difference is about 4¢. Mr. Porter’s transfor- 
mations of Regnault’s work are extremely accurate, and this por- 
tion of his table is more elaborate than is to be found in any 
other table now published. D. K. Clark’s table contains slight 
discrepancies in the transformation of Regnault’s work, which, 
however, are too small to affect any practical problem. 

The experiments of Fairbairn and Tate cover a range of from 
only about 3 to 56 Ibs. per square inch absolute pressure, and 
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it is illogical to employ the empirical formula proposed by 

Mr. Fairbairn that fits this range for much higher pressures. 

To obtain the figures given in Mr. Porter’s tables, Fairbairn’s 

- formula has to be employed for steam at pressures three or four 

times as great as for those at which it is known to give results 
that agree with experiments. 

This, however, is not an argument against the accuracy of the 


694 REPORT ON DUTY TRIALS OF PUMPING ENGINES, 


per square inch, because at this point the experimental agrees 
with the thermo-dynamic equation. Above 125 lbs., however, the 
density by Fairbairn’s formula varies in the opposite way from 
which it did at the lower pressures, and at very high pressures 
the results are considerably in error. 

No comparison is herein presented for pressures below that 
of the atmosphere, because the values over this range are the 
same in all the tables; the pressures and the total and latent 
heats being those derived from se nts, and the 


Rankine compare ed the liability to error of the 
determination of the density, as derived from the latent heats 
and pressures observed by Regnault, and of the experimental 
densities determined by Fairbairn and Tate, and concluded that 
the difference between the results obtained by the two methods 
was greater than the probable error of the experimental quanti- 
ties involved in the problem. He advanced the supposition that 
there may have been a difference in the molecular condition of the 

steam in the two sets of experiments, as that on which Regnault’s 
experiments were made was in motion, whereas that in Fair- 
-bairn’s and Tate’s experiments was at rest. The following table 
was prepared by Rankine in order to compare the results 
given by the two methods.* 


* Miscellaneous Scientifie Papers, by Professor Rankine, p. 423, 
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COMPARISON OF THE THEORY WITH THE EXPERIMENTS OF 
MESSRS. FAIRBAIRN AND TATE. 


] 
| 
| 


Volume of One Pound of Steam | 
in Cubic Feet. | Difterenc 
Temperature. ifference 


ment. 


Exper. Vol 


By Theory. By Experiment. 


| No. of Experi 


132.20 
85.10 
7.64 
16 


Mr. F. M. Wheeler.—Professor Denton speaks of the impor- 
tance of considering the testing of a pumping engine on the basis 
of thermal units. I think that is a very important point. A 
friend of mine is very enthusiastic about testing steam-engines 
by the use of the surface condenser, and which he considers the 


simplest and most convenient mode of doing it, but he quite 


overlooked the all-important point of temperatures. Consider- 
able has been said in this discussion about the “metering of 
water” by the plunger displacement. As a matter of fact, a large 
percentage of the pumping engines used to-day are direct-acting 
and in this type, of course, the momentum of the plungers, 
pistons, ete., varies with the speed—in other words, you have 
variable length of strokes. Now, it is a very poor meter which 
has a variable stroke. This variableness of stroke should there- 
fore call for frequent indicator cards, taken from the water end 


u 
136.77 | 132.60 —0.40 | 
155.23 85.44 —0.34 
159.36 78.86 —1.22 | — 
170.92 59.62 +0.54 | +445 
171.48 59.43 69.51 {| -—0.08 {| 
174.92 55.18 55.07 | +0.11 
182.30 47.28 48.87 —1.59 = 
188.30 41.81 12.03 —().22 
198.78 33.94 | 34.43 —0.49 
| | 
1 242.90 15.61 15.23 40.12 | 
2 244.82 14.77 14.55 +0.22 
3 245 . 22 14.67 14.30 +0.37 + 
4 255.50 12.39 12.17 +0.22 
5 263.14 10.96 10.40 +0.56 
6 267.21 10.29 10.18 +0.11 + aly 
7 269.20 9.977 9.703 +0.274 + 
274.76 9.158 0.361 —0.208 | 
9 273.30 9.367 8.702 + 0.665 
10 279.42 8.539 8.249 +0.290 + 
il 282.58 8.145 7.964 +0.181 +4 
287.25 7.608 7.340 +0.263 | 
13 292.53 7.041 6.938 + 0.103 +36 
288.25 7.494 | 7.201 40.9938 
| a 
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of the pumping engine, and some ingenious contrivance for a 
continuous stroke indicator. In fact, the importance of a stroke 
indicator comes in there very strongly, and, as it is an instru- 
ment which can be very easily attached, it should never be 
omitted in making tests. I always use a pencil attached to the 
cross-head of the piston rods, which, travelling over a sheet of 
paper (moved frequently by a person especially detailed for the 
purpose), gives the length of stroke correctly; the more frequently 
the paper is moved, the better—say as often as every two or 
three minutes. This idea could be elaborated further, and a 
continuous line could be drawn by means of clockwork or other- 
wise suitable mechanism. Then you could secure a record of 
each and every stroke of the pumping engine during the whole 
test, and thus show the variableness of the strokes. Of course, 
the use of the weir is the best and safest manner of making 
pumping-engine tests when practicable, but the committee and 
those discussing this paper have said so much about the dis- 
placement (meter) system, we ought not to overlook this matter 
of stroke irregularity. I have seen a five-million-gallon pump- 
ing engine, having a nominal stroke of 36 inches, show a varia- 
tion of nearly two inches in its stroke in as many minutes. 
Another point : One of the gentlemen who discussed this paper 
spoke of “ negative slip.” This varies very much with the con- 
dition under which the pumping engine is working. I would 
like to speak of a case on one of the naval ships (U.S. S. 7+n- 
nessee), Where the amount of water discharged by the circulating 
pump was nearly 7% in excess of the actual displacement of the 
water piston. In other words, the pump delivered more water 
than its theoretical capacity. This apparent paradox was due 
to the very light load, and the fact that the water flowed to the 
pumping engine under considerable head.* This same eflect 


is also very frequent in single-acting pumps (where the flow of 
water is always in one direction) under certain favorable con- 
ditions. 

Mr. Wm. M. Barr.—There does not appear to be any good 
reason why one million thermal units should not be substituted 
for the present practice of basing pumping-engine performance 
on the number of million of foot pounds for each one hundred 


* See Franklin Institute Journal of December, 1874.—Extract from payer by 
Messrs. Geo. P. Hunt, P. A. Eng. U. 8. N., and Theron Skeel, C. E., entitled The 
Methods of Testing Steam Engines, 
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pounds of coal. The method of arriving at the number of ther- 
mal units has been quite satisfactorily shown; but I wish to say 
a few words in regard to plunger displacement, as I think that 
much more convenient and quite as accurate as the weir method, 
and probably more so than by the use of a large nozzle, besides 
which, it is not always practicable, except at great inconvenience, 
to employ either of these. 

If a pumping engine is fitted with a crank and fly-wheel, the 
displacement can be very easily determined — it is simply the area 
of the plunger multiplied into the stroke. The usual method of 
fitting large pumping engines is to have a cast-iron plunger 
working through a solid gun-metal ring. Sometimes these rings 
are grooved, to prevent a free flow of water from one side of the 
pump to the other, and at other times they are left plain; the latter 
is the usual method of fitting. If the plunger and rings are new, 
the amount of slip is very small; I do not know how much, but 
in the case of an engine of, say, five millions capacity I doubt 
whether it would be over 2% to 5%. As these become worn, the 
slip will, of course, be greater, but, whatever the amount may be, 
it is a constant leak, and must be accounted for. If the pump be 
fitted with a lining and a packed piston, the leak amounts, prac- 
tically, to nothing, and during a duty trial, in which the pistons 
would be freshly packed, I think it would be safe to assume that 
they were tight, and that no allowance need be made for slip. 

In the case of a direct-acting pumping engine, in which it is 
expected that the stroke will not be constant, the measuring of 
the displacement is not so easy. It is the practice to fit each 
end of each steam cylinder in engines of this class with dash 
relief valves; these valves can be so carefully adjusted that the 
piston can be made to touch each end of the cylinder, without 
doing harm to the engine. This, you will see, requires constant 
attention on part of the engineer, and it would not be safe 
to allow the engine to take care of itself, with the piston coming 
in contact with the heads, even though that contact be very deli- 
cate, or simply enouzh to know that the piston touches. By 
making a gauge showing the contact stroke, with a pointer 
attached to the crosshead, the engineer can see at all times what 
proportion of the whole stroke is traversed by the piston. For 
the purpose of a duty trial this method of controlling the length 
of stroke is easily had, and has been very satisfactorily worked 
out in practice, The only objection is, that when the dash relief 
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valves are closed, or partially so, after the duty test is over, the 
pumping engine will be delivering a less quantity of water than 
during the duty trial; and just in proportion as the length of 
stroke decreases, the clearance in the steam cylinders becomes 
greater, with its consequent reduction in economy. 

I have never had any experience with negative slip, and there- 
fore feel a little skeptical in regard to its occurring in quantities 
sufliciently large to affect a duty trial. 

Now, in regard to the valves, the best practice is to use a large 
number of small valves, rather than a less number of large valves. 
If these valves be fitted with a spiral spring, so as to insure their 
prompt return, there will be very little danger of loss or leakage 
at the moment the piston or plunger changes direction of motion. 
Should there be floating matter in the water, which would get 
under one edge of the valve, there would, of course, be leakage 
at that point, and that one only. This is not a serious matter, 
because the probability is that at the next movement of the 
plunger or piston this obstruction would release itself, and it 
would pass on through into the delivery. Unless this obstruc- 
tion becomes permanent, and the valve is thereby kept off the 
seat through a long interval of time, this must then be treated 
as any other accident; but I think the loss in the amount of 
water delivered through such an occurrence is, on the whole, 
very small, and is hardly worth taking into account. 

In regard to the pumping engine supplying the boilers with 
feed-water during the duty trial, I think that is all right, although 
very few pumping engines are now fitted with boiler feed-pumps 
attached to the main engine, as it is much more convenient to 
have a separate steam-pump ; and as this is the method of oper- 
ating nearly all water-works plants, the duty trial ought to include 
that method of supplying the boilers with water. It will be 
understood that this is not as economical an arrangement as the 
other, but it is the one generally adopted. 

Mr. Jno. T. Hawkins.—I1 would like to say one word. While 
endorsing the report as a most admirable paper in every way, and 
as the only one which brings us to the point, which is the ulti- 
mate object—where we have not been heretofore, at all events 
of determining the gallons of water which we get raised to a 
given height for a dollar, I think it is open to one little oljec- 
tion. The object here, of course, or in any test of a pumping- 
plant, is to ascertain its commercial efficiency rather than its 
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efficiency under experimental conditions which cannot be realized 
in practice, and this method very admirably differentiates the 
engine from the boiler, and establishes a test for each independ- 
ently. But I think it makes an error in shortening the usual 
period taken for such tests, so far as the boiler element of it is 
concerned. Old engineers who have had a good deal of experience 
in the management of boilers know that boilers vary very much 
in several points; a principal one of which is the condition into 
which the fire will get within a given number of hours, and as a 
general thing, the fires will not get into that condition in ten 
hours, which would give us a correct index of the boiler’s com- 
mercial efficiency, such as when running along for weeks and 
months as pumping plants are designed to do, and I think that 
the plan recommended makes that ane mistake. It would be 
more inthe direction of the rest of the plan if the time were made 
greater rather than less than twenty-four hours. Ido not think 
that with the very best management possible the fires in any 
boiler can be gotten into such running condition as to represent 
the average commercial conditions in ten hours, although the 
engine element of the plant will get to it in a much less time 
than ten hours. Boiler fires, flues, etc., arrive at a condition after 
the first twelve or fifteen or twenty hours which more nearly 
represents practical working than they can get into before that 
time. I think it is a mistake to reduce the time below twenty- 
four hours. It ought to be extended to forty-eight hours rather 
than be reduced to twenty-four, so far as the boiler is concerned: 

Mr. Geo. H. Barrus (Chairman of Committee ).—In closing the 
discussion a few words should be added in reply to the ques- 
tions raised by Messrs. Denton, Jacobus, Wheeler, Barr, and 
Hawkins. 

A remark made by Professor Denton, as also a statement given 
in Professor Thurston’s discussion, makes it appear that in com- 
puting the work done by the pumps, as proposed, a correction 
is applied for the loss found on the leakage trial. This is not 
the method adopted in the report. The quantity of leakage 
which is determined by the test is stated in connection with the 
duty result, as a matter of record and information, but no correc- 
tion is applied for it. The duty given is that computed from the 
observed plunger displacement, and it is not affected in the cal- 
culations by the leakage, whatever quantity this may reach. 

To carry out the suggestion of Professor Jacobus, line No. 45 
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has been added to the tabular form in the revised copy of the 
report, giving the work done by 100 lbs. of coal, or the duty cal- 
culated from the coal basis heretofore in use. 

Professor Jacobus’ reference to the continuous records, which 
well-managed water boards keep, of the regular work done by 
their pumping engines, draws attention to the question of the 
adaptability of the new unit to ordinary water-works practice. 
Itis not expected that the introduction of the heat unit basis for 
duty trials will supplant the water-works custom of expressing 
the duty on the actual coal burned. The boiler and engine can- 
not in every-day work be separated in the manner proposed by 
the new method of test, and were it possible to do so, such a 
course would not be desirable. The new method, however, sug- 
gests a line of practice for pumping stations which will be of 
great service in standardizing records taken in the future, so that 
those obtained from one engine may be properly compared with 
those obtained from another. To carry out this idea the caleu- 
lation of duty, in addition to being based on the quantity of coal 
consumed, would be based on one million heat units; and the 
calculation would be made from data, which, for all practical 
purposes, could be satisfactorily obtained under the conditions 
of ordinary work. Such data would be found by employing a 
water meter for the continuous measurement of the main supply 
of feed-water, tested from time to time to determine its accu- 
racy, and using a thermometer fixed permanently in the feed- 
pipe for determining its temperature. With the data thus 
obtained the total heat imparted to the largest share, if not to 
the whole, of the water would be computed. If there were an 
auxiliary supply, like that derived from a jacket-pump, it is pre- 
sumed that this would be practically constant, and if its quantity 
and temperature were once determined, in the manner pointed 
out in the report, a constant correction could be applied for the 
heat imparted to this water, without the necessity of obtaining 
it by a continuous record. The water lost by blowing off the 
boilers, and that used for supplying steam for heating purposes, 
or other work than that of driving the engine under considera- 
tion, could be estimated, and a suitable correction applied, so as 

7 ’ — to obtain a result which would refer to the engine independent 
7 | Be all other work. With a little study on the part of the engi- 
- neer of the pumping station, or of those having charge, contin- 

- uous records, on the heat-unit basis, could in this manner be 
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obtained, not only with little trouble, but with a degree of aceu- 
racy which would be sufficient for all practical purposes. A 
comparison of such records from engines in different localities, 
although, perhaps, not scientifically accurate, would show the 
relative economy of engines in practical work with greater relia- 
bility than records which are now given on the basis of actual 
coal consumed. This adaptation of the new method of con- 
ducting duty trials to the practical work of pumping engines, 
will, it seems to me, prove of great value. 

Professor Jacobus’ remarks upon the relative merits of the 
various steam tables now in use, and the tabular summary which 
he gives, showing the difference in the quantities given by the 
various authorities on the subject, form an exceedingly valuable 
contribution. It will be seen from this table that, so far as the 
main subject is concerned, that is, the determination of the num- 
ber of heat units consumed by an engine, no practical difference 
would be produced in the results, whether one authority were 
used or another. 

Mr. Wheeler voices the sentiments expressed in the report, 
that some contrivance be used in determining the length of the 
stroke, in direct-acting engines, by a continuous recording 
device. It is hoped that he will elaborate his ideas, and design 
some simple apparatus which can be used for this purpose. 

Mr. Barr brings out many interesting points relating to direct- 
acting pumping engines, and adds much to the general value of 
the diseussion. 

Mr. Hawkins objects to making the duration of the test, so far 
as it pertains to the work of the boiler, less than twenty-four 
hours, on the ground that a shorter test will not show its com- 
mercial efficiency. Ifthe object of the duty trial were simply to 
obtain the commercial efficiency of the plant, the duration of the 
trial should be at least a week, and the conditions under which 
the engine and boilers are run should be as nearly as possible 
the same as the intended working conditions. On such a trial it 
is probable that the engine would seldom be run continuously 
for a week’s time, or even for twenty-four hours; but rather it 
would be run a certain number of hours per day, and during the 
time when the engine is idle the fires in the boilers would be 
banked. The results of the boiler test would then be affected 
to a greater or less extent by the conditions, as to the number 
of hours of running, which happened to exist. However desir- 
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able such a trial might be from a commercial point of view, it 
would not, as I believe, secure the object for which the greater 
number of duty tests are made. That object is to determine 
what the engine and boilers will do when working under the best 
conditions which in practice can be realized. For these reasons 
I think that the duration of the trial, whether of the engine or of 
the boiler, need not be extended to a longer time than is sutfli- 
cient to determine the necessary data with a proper degree of 
accuracy. A duration of twelve hours, according to my expe- 


rience in making boiler tests, furnishes an ampie amount of time 
in which to get the data, with all the exactness needed. Another 
reason for making the test as short as possible, as stated in the 
report, is to reduce the number of hours to such a point that 
the whole work of the duty trial, from beginning to end, includ- 
ing the boiler test, can be under the eye of the same expert 
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CCCCXXXVIII. 
PROCEEDINGS 
PROVIDENCE MEETING 

(XXIIId) 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 


16th to 19th, 1891. 
oe June 16th to 19th, 1891 


LocaL COMMITTEE 9F ARRANGEMENTS :—Henry A. Du Villard, Gardner C. 
Anthony, Geo. R. Babbitt, Robert J. Gilmore, E. H. Parks, George H. Smith, 
Scott A. Smith, George E. Whitehead 


First Day. June 167TH. 


Tue Sessions of the Providence Meeting were held in St. 
John’s Hall of the Masonic Building, Dorrance and Ed ly Streets. 
The Headquarters of the Convention were in the Narragansett — 
Hotel, adjoining the office in the main corridor. The Secretary’s 
Register in Headquarters showed the following members in — 
attendance during the Convention: 


Alden, Geo. I 
Almond, Thos. R Brooklyn, N. Y. 

Ames, W.L. Terre Haute, Ind. 
Anthony, Gardner C Providence, R. I. 
Armington, Providence, R. L. 

Archer, E. Richmond, Va. 

_ Ashworth, i Pittsburgh, Pa. 
jabbitt, Geo. R Providence, R. I. 

Bailey, Chas. L Washington, D.C. | 
Baldwin, S. W. ( Vice-President)...............New York City. 
Ball, H. (Manager). Elizabeth, N. J. 

Bang, New York City. 
Barnaby, C i » Pa. 
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Barr, John H .........Minneapolis, Minn, 
Barrus, Geo, H Boston, Mass. 
Baugh, S. A Detroit, Mich. 
Beach, Chas. S Bennington, Vt. 
Bigelow, Frank L........... New Haven, Conn. 
Bird, W. W Cambridgeport, Mass, 
Bixby, E. } Boston, Mass. 
Blair, H. P Rochester, N. Y. 
Bond, Geo. M. (Manager) Hartford, Conn. 

Britton, J. W Cleveland, O. 
Brooks, Morgan ....St. Paul, Minn. 
Brown, C. H Fitchburg, Mass. 
Bullock, Edwin R Pawtucket, R. I. 
Canning, W. P Lowell, Mass. 
Capen, T. W Chieago, 1. 

Charnock, J. M Boston, Mass. 
Church, E. D Brooklyn, N. Y. 
Chureh, W. Boston, Mass. 
Churchill, Thos. L Boston, Mass. 
Clark, W. Philadelphia, Pa. 
Cooper, Henry R Syracuse, N. Y. 
Corliss, Wm 

Creelman, Wim. J Rochester, N. Y. 
Dallett, W. P Philadelphia, Pa. 
Daniels, Fredk. H Worcester, Mass. 
Darling, Edwin : Pawtucket, RK. I. 
Dashiell, Benj. J., Jr Baltimore, Md. 
Davis, E. F. C Richmond, Va. 
Day, F. M Hopedale, Mass. 
Dean, F. W Boston, Mass. 
Deane, Chas. P Holyoke, Mass. 
Denton, Jas. E. (Manager) Hoboken, N. J. 
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Dinkel, Geo., Jr Jersey City, N. J. 
Doane, W. Cincinnati, O. 
Drown, F. E Pawtucket, R. I. 
Newark, N. J. 
Edwards, V. E Worcester, Mass. 
Ehlers, Peter Albany, N. Y. 
Firestone, Joe. F Columbus, O. 
Fletcher, Wm. H Hoboken, N. J. 
Freeman, John R ..Boston, Mass. 

Galloupe, F. E . Boston, Mass. 
Gantt, H. L Philadelphia, Pa. 
Gilmore, R. J Providence, R. I. 
Gobeille, J. Cleveland, O. 
Goodale, A, } Waltham, Mass. 
Gordon, F. W Philade!phia, Pa. 
CGireene, 1. Baltimore, Md. 
Greenwood, P. Richmond, Va. 
Guthrie, Ed. B Buffalo, N. Y. 
Hall, A. F Boston, Mass. 
Hammond, G. W Yarmouthville, Me. 
Hand, F. | Philadelphia, Pa. 
Haskins, Harry 8S Philadelphia, Pa. 
Hawkins, Jno. T Taunton, Mass. 
Hemenway, F. F .New York City. 
Henthorn, J. T Providence, R. L. 
Hershey, M. E Harrisburg, Pa. 
Hill, Wm Collinsville, Conn. 
Holland, Jno Dover, N. H. 
Holloway, J: F. (Past President)... New York City. 
Howard, C, P Hartford, Conn. 
Howe, H. M - Boston, Mass. 
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Hunt, Robt. W. (President) Chicago, Il. 
Hyde, C. E Bath, Me. 
Idell, F. E New York City. 
Jacobus, D. S Hoboken, N. J. 
« . Brook ville, Pa. 
Johnson, Arthur E Stamford, Conn. 
Jones, Ed. H Cleveland, O. 
Kneass, S. L..... Philadelphia, Pa. 
Knickerbacker, Jno Troy, X.Y. 
Lane, H. M .-Cincinnati, O. 
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Lane, J. 8 Chicago, 
Lewis, Wilfred Philadelphia, Pa | 
Lipe, C. .Syracuse, 
Lowe, Wm. V Fitchburg, Mass. q 
McEwen, J. H Ridgway, Pa. 
McLeod, Howard D Pittsburgh, Pa. 
Mackinney, W. C Philadelphia, Pa, 
Main, C. T Lawrence, Mass. _ 
Mansfield, A. K Salem, O. 
Matheson, W. G 

May, De Courey Philadelphia, Pa 

Miller, T. 

Miller, E. F 

Moran, Dan’! E 

Morgan, 'T. 

Morgan, T. R., Jr 

Miller, T. H 

Nason, C. W. (Manager) 

Nicholson, Stephen Providence, R. | 
Nicholson, T. Providence, R. 1. 
Odell, W. H Yonkers, N. Y. 
Painter, Wm Baltimore, Md. 
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Worcester, Mass. 
Parker, C. Cambridgeport, Mass. 
Parkhurst, E. G Hartford, Conn. 
Parks, E. Providence, R. I. 
Passel, Geo. W Cincinnati, O. 
Peard, Jas, J Hartford, Conn. 
Philbrick, F. E Waterville, Me. 
Philp, C. von Bethlehem, Pa. 
Pickering, T. R Portland, Conn. 
Plummer, F. J 
Wilkesbarre, Pa. 
Porter, H. F. Pittsburgh, Pa. 
Porterfield, H. Pittsburgh, Pa. 
Powel, 8S. W Hamilton, O. 
Quint, A. D Hartford, Conn. 
Redwood, I. I Brooklyn, N. Y. 
Reist, H. G Lynn, Mass, 
Remick, O. P 
Rice, Richard H 
Richards, Chas. B 
Richards, Francis H 
Roberts, Wm Waltham, Mass. 
Robertson, R. A., ¢ Providence, R. I. 
Robinson, G. Providence, R. IL. 
Rogers, W. / Waterville, Me. 
Roney, W. R -Chicago, Ill. 
Ross, E. Indian Orchard, Mass, 
Russel, Walter Detroit, Mich. 
-Sancton, E. K Scranton, Pa. 
Schwanhausser, Wm. Brooklyn, N. Y. 
| Schwarz, F. H... Lawrence, Mass. 
See, Horace (Past York City. 
> Sellers, Coleman, Jr Philadelphia, Pa. 
Sharp, Joel Salem, O. 
‘Sheldon, F. P Providence, R. I, 
Shepherd, Wm. G Chester, Pa. 


Joston, Mass. 


Sims, Gardner C Providence, R. I. 


Slater, A. B.. Providence, R. I. 
Slater, H. C 


Smith, Chas. P Cambridgeport, Mass. 


Smith, Geo. H 
Smith, Jesse M 
Smith, Oberlin (Past President) 


Providence, R. I. 
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Smith, Seott 


Snell, H. I 


Spaulding, Hollon C 
Sperry, Chas 
Springer, J. H 
Stearns, Albert 


Stiles, N. C 


Stratton, W. H... 


Swasey, Ambrose 


Sweet, Jno. E. (Past President) 
Tallman, F. G 

Tatnall, Jas. 

Taylor, Stevenson 

Terrell, Chas. E 

Thomson, Jno 

Thorne, W. H 

Tompkins, 

Towle, Wm. M 


Tynan, J. W 
Vernon, W. G 


Wallace, Wm 
Walworth, A. C 


Warren, Jno. E 
Watts, Geo. W 
Weaver, 8. B 

Webber, W. O 
Webster, Jno. H 
Weeks, Geo. W 


Weigotmann, 
Wheeler, F. Meriam.............. 


Wheelock, Jerome 
Whitehead, Geo. E 
Whitney, B. D 
Whitney, Wm. M 
Whitney, E. H 
Wiggin, W. H 


Wilcox, Jno. F 


Wiley, Wm. H. (Treasurer)....... 


Williamson, W. C 


Wood, De Volson (Vice President) 


Philadelphia, Pa, 


Detroit, Mich. 


Boston, Mass. 
Port Washington. 
Hamilton, 0. 
Brooklyn, N. Y. 


New York City. 


Providence, R. I. 


Stamford, Conn. 


Cleveland, O, 


Wheeling, W. Va. 


Bethlehem, Pa. 
Hoboken, N. J. 
Brooklyn, N. Y. 
New York City. 
Philadelphia, Pa. 
Charlotteville, Va. 
Ithaca, N. Y. 


Providence, R. I. 
Syracuse, N. Y. 


Savannah, Ga. 
Philadelphia, Pa. 


New York City. 


Ansonia, Conn. 
Boston, Mass. 


Cumberland Mills, Me. 
Philadelphia, Pa. 


Chicago, 


Boston, Mass. 
Clinton, Mass. 


New York City. 
Worcester, Mass. 
Providence, R. I. 
Winchendon, Mass. 
Winchendon, Mass. 
Providence, R. I. 
Worcester, Mass. 


Pittsburgh, Pa. 


New York City. 


Philadelphia, Pa. 


Hoboken, N. J. 
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Woodbury, C. J. H .... Boston, Mass. 


Wyman, H. W Worcester, Mass. 


This list numbering 279 should be supplemented by 21 names 
of guests, professional friends and candidates for election, making 


an aggregate of 300 gentlemen in attendance upon the conven- 
tion. There were 95 ladies in the party, and, so far as known, 
this record constitutes the highest mark for attendance attained 
by any engineering convention anywhere. 

The opening session was called to order at ten o'clock by 
Col H. A. Du Villard, Chairman of the Local Committee, who 
introduced His Honor, Charles Sidney Smith, Mayor of the City 
of Providence, who made an address of welcome, to which the 
President of the Society, Mr. Robert W. Hunt of Chicago, made 
a fitting response. 

The professional papers were at once taken up, those allotted 
for the morning being entitled: Two Rope Haulage Systems, by 
R. Van A. Norris; A Belt Dynamometer, by 5. P. Watt; A New 
Belt Testing Machine, by G. I. Alden; and Test of a Triple 
Expansion Engine, by John T. Henthorn. These received dis- 
cussion (as appears in the sequel) by Messrs. T. S. Miller, 
FE. F. C. Davis, J. F. Holloway, William Kent, Wilfred Lewis, 
and D. S$. Jacobus. 

The session concluded with business matters, the first being 
the report of the tellers of election, upon the four ballots taken 
during the interval since the last convention, upon candidates 
for membership. Their report was as follows: 


The undersigned were appointed a Committee of the Council 
to act as tellers, under Rule 13, to count and scrutinize the 
ballots cast for and against the candidates proposed for mem- 
bership in the Society of Mechanical Engineers, and seeking 
election before the XXIIId meeting of the Society, in June, 
1891. 

They would report that they have met upon the designated days 
in the office of the Secretary, and proceeded to the discharge of 
their duties. 

There were 474 votes cast in the ballot upon the Pink List, 
of which ten were thrown out because of informalities, the mem- 
ber voting having omitted to sign his name to his ballot. 
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There were 458 votes cast in the ballot upon the Yellow List. 
of which 15 were thrown out because of informalities. 

There were 451 votes cast in the ballot upon the Orange List, 
of which 17 were thrown out because of informalities. 

There were 439 votes cast in the ballot upon the Green List, 
of which 18 were thrown out because of informalities. 

They would certify for formal insertion in the Records of the 
Society to the election of the appended-named persons, to their 
respective grades, upon lists numbered respectively 1, 2, 3 
and 4, 

CarnLeETon W. Nason, 
STEPHEN W. Batpwiy, 


rs. 


HONORARY MEMBERS. 
Léauté, Henri. 


Mitchell, Albert E 
Moore, M. F. 


Bessemer, Sir Henry. 


MEMBERS. 


" Godfrey, E. S. 


Ayer, James I. 
Granger, 8. 


Agnew, J. H. 


Baldwin, F. Ruel. 
Benham, Elijah 
Billings, F. C. 

Bogle, John M. 
Brashear, John A. 
Brown, Robert A. | 
Bushnell, Fred. N. 
Camacho, Leopoldo A. 
Clapp, Geo. H. 
Clemens, Ernest V. 
Conant, Hezekiah. 
Conway, Geo. 
Covell, Harry N. 
Darling, Edward. 
Davidson, George. 
Davids, Chas. H. 
Doble, William A. 
Farmer, Thomas, Jr. 
Ferguson, J. W. 

Fish, Charles H. 
Fitts, James H. 
Fleming, Wm. R. 
Gabriel, Wm. A, 
Gentry, F. W. 
Giles, C. E. 
Gleaves, R. Taylor. 


Grant, W. H. E. 
Green, M. A. 
Green, Wm. O. 
Gwilliam, Geo. T. 


Haberlin, Hermann. 


Hall, Julien A. 
Harkness, Wm. 
Hart, Fred’k L. 
Helvey, Geo. H. 
Hodge, Harry 8S. 


Hanter, Jos. L. 


Hunting, Alfred A, 
Janson, Ernest N. 


Jones, Frank Cazenove. 


Johnson, Ed. E. 
4) Johnson, J. B. 

King, Chas. G. Y. 
Knickerbacker, John. 
Locke, Sylvanus D. 

Lord, Hiram F, 

McGeorge, Join. 
Maddocks, Wm. 
Makepeace, Chas. R. 
Mason, H. I. 
Matheson, Wm. G. 
Matthews, Edwin 8. 
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Norton, Chas. H. 
Oviatt, David B. 
Paine, Charles. 
Payne, S, F. 
eard, Jas. J. 
Pentz, Albert D. 
Perry, Jas. H. 
Philbrick, Frank 
Piercy, Edgar M. 
Pitkin, Stephen H. 
Plummer, Frank J. 
Quint, Alanson D 
teeve, Chas. D. 
Repath, Charles H. 
Rider, Frank A. 
Ridsdale, T. W. 
Rinman, Gustay O 
Ritchie, William. 
Rites, Francis M. 


Sakata, S, 


i Sargent, Chas. E 
Searle, Jos. M. 
Shipley, Thomas M. 
Slater, Alpheus B. 
Sneddon, Jas. P. 
Stanton, John. 
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Stetson, A. B. Taylor, John T. _ Wagner, Emile F. 
Stryker, Francis A. Turner, W. C. Weaver, Seth B. 
Sulzer, Jacob Carl, Veit, Richard C, Winship, J. G. 
Sylven, Walfrid T. Vose, Clarence. Williams, D, Curtis, 
Witman, Noel B. Worthen, Wm. H. 


PROMOTION TO FULL MEMBERSHIP. 


Burchard, Anson W., Conrad, Hugh V. Huson, Winfield S, 
Laird, John A. Lipps, Henry, Jr. 


Beach, Ciiles. Fenner, Herbert N. Moulthrop, Leslie. 
Wilcox, Edwin B. 
AS JUNIORS. 
Anderson, F. Paul. Hibbard, Herb’t Wade. Patitz, Martin. dal 
Blankenship, R. M. Hobbs, Franklin W. Patitz, Max. 
Brill. Geo. M. Hough, David Leavitt. Prosser, Joseph C. 
Brown, Robert 8. Isbelle, Howard L. Reading, Robert B., 
Campbell, Gordon, Kimba!l, Clement F Richmond, K. C, 
Case, Theodore N. Krause, Julius. Royce, Daniel. 
Church, E. D., Jr. McClelland, Edwd, 8. Schaeffer, John V. 
DeLaney, Darragh. Marr, Geo. H. Slatter, H. C. 
Echeverria, Ricardo J. Meeker, Warren H. Temple, Robert K, 
Fisher, Elbert C. Myers, Geo. F. Walcott, Morgan. 
Hammer, Oscar. Nathan, Alfred. Wilcox, Wallace J. 
Harris, Benj'n M, Overpeck, Ora Williams, Otis L. 
SUMMARY. 
—i 
Increase in Membership............ 140 


Second notice was given under the Rules of a Proposed 
Amendment to Article 31 of the Rules, whereby the Nominating 
Committee would be expected to present two nominees instead 
of one for each office falling vacant at each election. 

The Committee on a Standard Method for Testing the Effi- 
ciency of Locomotive Engines reported progress. The Com- 
mittee on Standard Method for Conducting Duty Trials of 
Pumping Engines reported that, pursuant to the action taken at 
Richmond, it had incorporated into the draft of the original 
Teport the suggested improvements which the Committee had 
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accepted, and that the report in its final form has formed one 
of the papers of the Richmond Meeting as No. CCCLXXXTI,, 
and with the discussion as No. CCCCXXXVIL. appears in Volume 
XII. of the Transactions. 

The Society's Committee on Standard Units of Measurement 
reported resolutions adopting the Henry as the unit of electrical 
self-induction ; requesting that a committee be appointed to 
memorialize the Director of the Mint in reference to the possible 
deterioration in value of the standard Troy pound, and request- 
ing the privilege of the use of circular letters in the Society’s 
name. These resolutions were on motion referred to the Council 
to consider and report back to the Society 

The Society’s Committee on Standard Methods of Testing 
Materials reported through its Secretary and Reporter, Mr. 
Gus. C. Henning, as follows : 

Mr, Gustavus C. Henning.—The Committee would report that 
considerable work has been done in the last six months. Over 
500 letters have been sent to engineers and manufacturers in 
this country and Europe, and numerous replies have been 
received, particularly from abroad. Only a few letters were sent 
to France, as the necessary lists of names and addresses have not 
been available. The one prominent point of replies from abroad 
is the possibility of co-operation, to give the work of the Com- 
mittee an international character and value. The German en- 
gineers have suggested that definite action be taken at the Con- 
ference to be held in Vienna in 1892. The Committee expect to 
make a report in November which will show fully what has been 
done. Recent investigations in France, Germany, and Russia 
have developed the possibility of putting all testing on a scien- 
tific basis (as it has been shown that shape has a definite and 
determinate influence on certain qualities of material) in the 
shape of test-pieces. The first steps have now been taken to 
express elongation on the basis of a standard shape, from which 
that of any similar one can be determined. It has been dis- 
covered that there is a relation between results obtained from 
test-pieces of different shapes. The development of this fact, 
first stated by Barba in 1880, has demonstrated its more general 
applicability. The Committee have issued a supplementary 
Report, now in the hands of the printer, and which it is ex- 
pected will be issued in a few days. 

7 This is a translation of the work done by the last Conference 
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in Berlin, held in October last, and in the appendix to that 
Report is an investigation into the comparative elongation of 
different shapes of test-pieces. These investigations were made 
at the Imperial Laboratory Department of Roads and Railways 
in St. Petersburg. This appendix in connection with the other 
work will form a voluminous report which may be ready for the 
next annual meeting in November, although if not then ready 
it is hoped members will have a little patience on account of 
the great amount of work to be done. 

Mr. William Kent.—In connection with this Report I would 
call attention to the fact, that I received not long ago from the 
Secretary of the American Society of Civil Engineers a circular 
letter which showed that that Society is at work on this same sub. 
ject through a committee. I think it will be very unfortunate if 
the different engineering societies should present any divergences 
in their work resulting from any lack of co-operation with each 
other. Such a course would delay the establishment of a standard, 
if not defeat it. 

Mr. Henning.—The Chairman of that Committee of the Ameri- 
can Society of Civil Engineers, of which our President happens 
to be a member, has addressed us on this very subject, and the 
Committee have under consideration the matter of co-operation, 
because they are well aware of the fact that there can be no 
difference of opinion on this subject. The work in hand is 
simply questions of fact, and when facts are sifted the same con- 
clusions must be reached. The reports may be identical, but 
they cannot be antagonistic. I do not believe that there will be 
any conflicting points in the two reports. The Committee is 
attempting to have a joint consideration of the subject, and will 
very surely take the necessary steps to have a joint meeting of 
the Committee of the Society of Civil Engineers and our Com- 
mittee shortly. 

The President—I am glad that Mr. Henning has made that 
statement. I can assure you that there is not the slightest danger 
of the Civil Engineers’ Committee’s Report being issued in ad- 
vance of yours, and in view of the steps taken by the Chairman 
of that Committee to bring about this joint consideration, cer- 
tainly we need not expect any clashing. It must be very grati- 
fying, gentlemen, to have a report from such a committee as 
yours, and one which promises such a result. It has been my 
honor to be on a number of such committees, and I think we 
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have all known of cases where much good would have been done 
if some one had been able to devote to the work the energy 
which has been shown in your present Committee. I congratu- 
late this society upon its Committee. 

The President announced the appointment, under Article 531 
of the Rules, of the Committee to nominate officers for the 
Society for the next year. The Committee is as follows: 

T. J. Borden ..+-.e--Fall River, Mass. 


Thos. Allison ....... Port Carbon, Pa. 


John Thomson Brooklyn, N. Y. 
The first session then adjourned. 

In the afternoon, leaving the Narragansett Hotel shortly 
after 2 o'clock, the ladies of the party were taken by carriages 
to the works of the Gorham Manufacturing Company in Elm- 
wood, while the members and guests went out to Earl Street 
by special train at 2:40 o'clock. The arrival of the two de- 
tachments was well timed. There were fully 200 men and 65 
ladies in the party, which was said to be the largest visiting 
company the Gorham establishment has ever entertained. 
Under the guidance of the company’s officials, the visitors 
were taken through the several departments and were afforded 
an excellent opportunity to see all the elaborate product of the 
works in process. The tour was completed a few minutes after 
4 o'clock. Each lady of the party was handed a souvenir silver 
spoon in a handsome box. The spoon was a memento of the 
manufactory, and had a view of the buildings etched on the 
bowl. The ladies were then taken to Roger Williams Park, 
where a luncheon was served at What Cheer Café, while the 
special train followed the 4:17 o’clock regular train into the 
city, stopping at Acorn Street to allow members to visit the 
plants of the Nicholson File Company and the Rhode Island 
Locomotive Works. 

In the evening the second session was convened in St. John’s 
Hall at 8 o'clock. The papers of the evening were by D. 5. 
Jacobus, entitled “Comparison of the Economy of Compound 
and Single Cylinder Corliss Engines, each expanding about six- 
teen times;” by De Volson Wood, entitled “ Flexure of Thin 
Elastic Rings;” by Fred. A. Halsey, entitled “The Premium 
Plan of Paying for Labor,” and two papers on the “ Applica- 
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tions of Hirn’s Analysis to Engine Testing,” one by Cecil H. 
Peabody and the other by R. C. Carpenter. The debate on 
these papers was participated in by Messrs. Thurston, Peabody, 
Wheeler, Alden, Jacobus, Hawkins, Davis, Webber, Ball, Kent, 
Suplee, Gantt, Almond, Norris, McBride, Weightman, Ash- 
worth and Hunt, and this in spite of the intense heat of the 
day and of the room. At the close of the discussion the Coun- 
cil reported, through the Secretary, that it had considered the 
report of the Society’s Committee on Standard Units of Meas- 
urement, and recommended a resolution referring the Report 
back to the Committee for further information, in view of the 
fact that adequate information was not at hand in reference to the 
matters of which it treats. This action, on motion, was taken. 
Mr. Frederick Meriam Wheeler, acting under Article 45 of the 
Rules, presented the following antendment to the Rules by 
written notice : 


. Provipence, R. 1., June 16, 1891. 


Mr. PRESIDENT : 

I beg to give this notice in writing lesiiensbibe to the requirements of the 
Rules of our Society), of amendments that I shall propose at the next (annual) 
meeting, namely: that the initiation fee for members and associates shall be 
increased from $15 to $25, and their annual dues from $10 to $15, and for 
juniors the dues shall be $10, and initiation fee $15. 

In other words, I shall move, at the next meeting, to amend Article 18 of the 
Rules of the American Society of Mechanical Engineers, to amend the figures 
$15, and figures $10 (as per printed copy of said Rules), to read $25 and $15, 
respectively, for members, and $15 and $10 for juniors. 

I shall also make a motion to amend the figure $5, as printed on the fifth line 
of Article 18 of the Rules, to read $10, so that a junior, when promoted to full 
membership, shall pay the additional initiation fee of $10—which amount, in 
addition to the original initiation fee of $15, paid by said junior, shall make his 
payments ultimately the same as made by a full member, The fee to be paid 
atone time for life-membership in the Society should be raised from $150 to 
$200 pursuant to the above changes, 


FREDERICK MERIAM WHEELER. 
This called for no action at this meeting. The session then 
adjourned. 
Sreconp Day. June 171TH. 


The third session was convened at half-past nine in the 
morning, in St. John’s Hall. The papers presented and dis- 
cussed were by R. C. Carpenter, “ Notes Regarding Calor- 
imeters ;” by J. Burkitt Webb, on “ Jet Propulsion and the 
Performance of a Steam Reaction Wheel ;” by Daniel Royse, 
“Heat Transmission through Cast-iron Plates ; by 
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Thurston, on “Steam-engine Efficiencies ;” by W. W. Bird, on 
“The Effect of the Steam-jacket on Cylinder Condensation ;” 
by H. L. Gantt, on “Steel Casting ;” and two by W. A. Rogers, 
on “ Dividing an Index Plate into One Thousand Equal Parts,” 
and “ An Additional Contribution to the Perfect Serew Prob- 
lem.” The debate on these papers was by Messrs. Peabody, 
Barrus, Nason, Henning, Wood, Suplee, Wheeler, Kneass, 
Sweet, Davis, Thurston, Denton, Hawkins, Oberlin Smith, 
Gobeille, Kent, Parker, Howe, Morgan. Messrs. Bissell and 
Wheeler spoke to the Topical Query in reference to speeds of 
caloric engines; Messrs. Webber, Idell, Stillman, Capen, and 
Wheeler spoke on the subject of speeds of Corliss dash-pots ; 
Messrs. Webber, Jewett, Davis, Gantt, and Henning discussed the 
question of better economy by slow melting in a cupola furnace. 

The President reported to the Society the action of the 
Council, by which members participating in the Society's ex- 
cursions to shops and manufacturing establishments were re- 
quested to refrain from bringing cameras and photographic 
appliances into such establishments. It was recognized, on the 
one hand, that the Society as an organization had received and 
would receive invitations to inspect works from which as in- 
dividuals they would be debarred, and this fact should preclude 
any procedure which might be construed (even mistakenly) as 
an effort to appropriate for individual use what might there be 
seen. While recognizing the usual impracticability of photog- 
raphy in shops, yet to avoid even the appearance of discourtesy, 
visitors would be requested to leave their cameras outside of the 
establishments which the Society should hereafter visit. The 
Society's good feeling in this matter manifested itself in 
applause as the President concluded. 

The Secretary also presented from the Society’s Committee of 
Conference with Committees of the other Engineering Societies, 
the Report and Resolution accepted by the joint committees in 
session at Chicago, May 15, 1891, This Report and Resolution 


were as follows 
Report. 


This body shall be called General Committee of Engineering 
Societies, Columbian Exposition. The objects of this Committee 
are : 

Ist. To provide on behalf of the Engineering Societies rep- 
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resented on this Committee, an Engineering Headquarters for 
members of all Engineering Societies of the world, who may 
visit Chicago during the World’s Columbian Exposition of 1893. 
2d. To promote an International Engineering Congress to 
be held in Chicago in 1893, under the auspices of the World’s 
Congress Auxiliary of the World’s Columbian Exposition. 

The Report continues in reference to the organization of the 
Committee and its officers, and announces the election of Mr. 
Octave Chanute, as President, and the members of the Executive 
Committee to consist of E. L. Corthell, E. M. Izard, William 
Forsyth, C. L. Strobel, Robert W. Hunt, J. W. Cloud, and D. J. 
Whittemore. Mr. J. W. Weston has been chosen secretary pro 
tem, and Mr. T. J. Korner as treasurer, The Committee passed 
the following resolutions : 

Resolved, That it is the sense of this Committee that the importance of En- 
gineering entitles it to the place of an independent department in the World’s 
Congresses to be held in 1893 under the auspices of the World’s Columbian 
Exposition. 

The Society, hearing this report of its representatives, passed 
the following resolutions: 

Resolved, That it is the sense of the Society, to approve heartily of the idea 
proposed, of an Engineering Headquarters at the Columbian Exhibition of 1893. 

Resolved, That until the details of the Engineering Congress which it is pro- 
posed to hold shall be more clearly formulated, the Society deems it premature 
to express an opinion as to its advisability. 

During this session, the ladies of the party had been escorted 
in carriages to visit points of interest on the east side of the 
city. After dinner, the entire party was escorted to the shops 
of the W. A. Harris Steam Engine Co., the Brown & Sharpe 
Mfg. Co., and the Armington & Sims Engine Works. 

In the evening, at nine o'clock, a reception was tendered to 
the Society and its ladies by representative citizens of Prov- 
idence, in Spink’s Hall, on Broad Street. Governor H. W. 
Ladd of Rhode Island received the guests, and music, a collation, 
and dancing concluded the evening. The promoters of this 
pleasant feature of the entertainment at Providence were the 
leading members of the Advance Club of the city, and their 
supporters. 

Day. June 18TH” 


The fourth and concluding session for papers and Society 
business was convened in St. John’s Hall at half-past nine in 
the morning. The papers were those by Messrs. H. M. Howe, 
40 
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on “ Manganese Steel; James E. Denton, on the “ Performance 
of a Worthington Pumping Engine against a Head equivalent 
to 2,000 Feet of Water;” F. W. Gordon, on “A Blast Fur-. 
nace Blowing-engine ;” Jas. McBride, on “Some Experiments 
with a Screw-bolt”; and W. R. Roney, on “ Mechanical Stokers.” 
Prof. Denton, in presenting his paper, made use of a projection | 
lantern and sereen, and the debaters of the session were Messrs. 
Henning, Rogers, Hunt, Wheeler, Davis, Kent, Holloway, Ash-_ 
worth, Howe, McBride, and Lewis. The Topical Query as to 
the use of a water pyrometer was discussed by Messrs. Barrus, | 
Durfee, Barnes, Rogers, Howe, Kent, and Nason. | 

This completed the professional programme of the Conven- 
tion. 

Mr. E. F. C. Davis, member of the Society’s Committee on 
Standard Flanges for Pipes, Valves, etc., spoke of the embarrass- 
ments under which the Committee were and are now laboring 
by reason of changes of residence and professional engage-_ 
ment of members of the Committee which had made it imprac- 
ticable for the members to get together, and while the individual 
efforts of the Chairman of the Committee had enabled them to— 
make a report of some progress when ealled on, yet the work of 
the Committee as a whole, since its appointment in 1887, had 
not been what the Society had a right to expect. He would, 
therefore, ask that the present Committee should be discharged, 
by vote of the Society, from further consideration of the ques- 
tion referred to them. On motion, the present Committee was 
discharged, and the President was directed to appoint a new 
Committee on Standard Flanges, subject to the approval of the 
Council. 

The following series of resolutions were then presented in 
short and fitting preambles, and were passed by acclamation. 

Mr. Oberlin Smith—Itmasmuch as the sum of human happi- 
ness, as contained in the hearts of the members of this Society, 
has been steadily growing since they have been in Providence, 
I wish to offer the following resolutions: 

Resolved, That the warmest thanks of this Society are due and are hereby | 
tendered to his Honor, Charles Sidney Smith, the Mayor of Providence, for his 
kind and earnest welcome to this beautiful and busy city—a city which lias — 


been the mother of many engineers whose works have become an integral part 
of the history of the civilization of the nineteenth century. 


(The resolution was seconded and unanimously adopted. | 
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a Mr. C. 2. H. Woodbury.—While the members of this Society 
and their ladies have been viewing many points of engineering 
interest around Providence, I think they could not fail to be 
struck with the perfection of the street railway service, con- 
forming, as it does in a remarkable degree, to the difficult topo- 
graphical conditions of the city. Providence was, I believe, the 
first city to meet the question of internal railway transportation 
of its citizens in a broad and strong sense, with a proper con- 
solidation of interests, and with such arrangements as would 
meet the convenience of all, and, therefore, I take pleasure in 
offering the following resolution : 


Resolved, That the members and ladies of the American Society of Mechanical 
Engineers hereby express their hearty thanks to the Street Railway Companies 
of Providence for the courtesy of their roads, so generously tendered during the 
meeting of this Society. 


(The resolution was seconded and unanimously adopted. ) 


— J have another resolution very much in the same vein. Provi- 
dence, like all other metropolises, owes its position of leader- 
ship to its relations with the surrounding country, which is 
tributary to it, and that leadership is certainly in this instance 
maintained by its facilities of transportation, both of the rail- 
ways centring in the city, the methods of freight exchange, 
which are being largely extended at the present time, and also 
its position as the head of navigation on Narragansett Bay. 
Resolved, That the American Society of Mechanical Engineers hereby desire 
to tender their thanks to the New York, Providence and Boston Railway Com- 


pany for their kindness in furnishing special trains for the excursions of the 
Society 
: = 


(The resolution was seconded and unanimously adopted.) 


Mr. Holloway.—The pleasant duty has been assigned to me 
of formulating, as best I might, the thanks of this Society to 
the various manufacturing establishments of Providence and 
vicinity for the kind invitations extended to us to visit their 
works. I have felt that a mere formal resolution to that end 
would, at best, but slightly express the sense of obligation that 
Tam sure we all feel to the gentlemen who have opened to our 
Inspection engineering works, famous not only in our own 
country, but in all the countries of the world in which the 
skill, ingenuity, and enterprise of the engineer and artisan have 
at all been recognized. Coming, as many of us do, from distant 
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cities, it has been not only a source of pleasure, but as well of 
pride, to see establishments whose products have in many ways 
reflected credit on the name of the American engineer. Mr. 
President, I therefore offer the following resolutions : 


Resolved, That the thanks of this Society be tendered to the various manu- 
facturing establishments in Providence and vicinity, who have so generously 
invited and so warmly welcomed us to their works; that while it would be 
impossible to name in detail the numerous and well-known establishments to 
which we are thus indebted, we are constrained by the unanimous voices of 
the ladies of our party to express to the gentlemen connected with the Gorham 
Manufacturing Company a special vote of thanks, not only for the privilege of 
witnessing the elegant display of their beautiful wares, but especially for their 
thoughtful kindness in the presentation of a choice souvenir, that will serve for 
years to come as a pleasant reminder of a most enjoyable time. 

Resolved, That while our limited time has prevented us from visiting in a 
body very many interesting engineering works of Providence, as well as the 
works in Pawtucket and Bristol, to which we were kindly invited 
express to the gentlemen connected with these various establishments our 
warmest thanks for the opportunity thus tendered us, and to express the hope 
that the fame and renown they now enjoy ard well deserve will last as long as 
will the remembrance of the members of this Society of our most enjoyable 
visit to this the capital of a small but famous State. 


, we wish to 


(The resolutions were seconded and unanimously adopted.) 


Mr. Jesse M. Smith.—Much has been said already about the 
wonderful things that have been done in Providence, and of the 
wonderful things that we have seen, but how these things have 
been brought about is not so well known. The Advance Club of 
Providence is the prominent factor in this ; therefore I desire to 
offer the following resolution : 

Resolved, That to the Advance Club of Providence, an organization which has 
already accomplished so much for this city, and whose future is so full of prom- 
ise, the members of the American Society of Mechanical Engineers and their 
ladies express their thanks for the thoughtful kindness which has permitted 
them to meet socially His Excellency Herbert W. Ladd, Governor of Rhode 
Island, and the good citizens of Providence, who have made our visit one to be 
so pleasantly remembered. a 


(The resolution was seconded and unanimously adopted.) _ 


Mr. Russell—Mr. President, I desire to offer the following 
resolutions : 


HISTORICAL SOCIETY, 


_ The American Society of Mechanical Engineers, assembled at Providence this 
June 17, 1891, wishes most earnestly to express its thanks for the many invi- 
tations of freedom to Hall, Library, Shop, and Household of the good citizens 
of Providence. The acceptance of one particular invitation will be especially 
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remembered. Your Histor‘cal Society. in its new fire-proof quarters, where every 
shelf and ledge teems with most valuable collections, and where even the his- 
torical names of its present officers, Rodgers, Perry, and Everett, lend interest to 
it, was Visited by a special committee, and other members of the Engineers will 
have missed much if the limited time spent in Providence prevents their ex- 
amining your treasures and mementos of old colonial history. 


PROVIDENCE PUBLIC LIBRARY. 


The American Society of Mechanical Engineers, at this, its June Meeting of 
1891, wishes to thank the Trustees and Managers of the Providence Public 
Library for the kind invitation of welcome to its privileges. Some of us have 
taken advantage of these, and know how much the others have lost. We regret 
that our stay is so short that a proper examination of your treasures cannot be 
made by all of us. 


PROVIDENCE FRANKLYN SOCIETY. 

The American Society of Mechanical Engineers have received with marked 
favor the kind invitation of Mr. Charles Salsbury, in behalf of the Providence 
Franklyn Society, and would express its many thanks for this kindness shown. 
We are indebted to the Franklyn Society, as we are to many other Providence 


invitations, for pleasure that our short stay almost entirely prohibits, but wish 
to thank you with all courtesy possible. 


LIBRARY OF BROWN UNIVERSITY. 


The American Society of Mechanical Engineers at their Providence Meeting in 
June, 1891, have received with especial favor the kind invitation, through Mr. 
Gyld, for the welcome of its members to the privileges of the Library of Brown 
University. Our short stay in your beautiful city will prevent the acceptance of 
your hospitality but by a few. However, most of us have passed the building, 
and pronounce it one of the very best of its kind that we have ever seen. 

BROWN UNIVERSITY. 

The American Society of Mechanical Engineers congratulates itself that this 
its largest meeting, and the largest meeting, too, of any similar organization in 
the country, was held this year with ‘‘ Brown.” In the same proportion that our 
strength and membership have grown, so has Brown University, and although it 
has been without an ‘‘ Angell” for twenty years. yet an ‘‘ Andrews” leads it now 
with a greater strength of membership and usefulness than it has ever known 
before. We engineers thank you for the welcome given us, and have visited the 
many college buildings, and have strolled under the magnificent elms of your 
college green with pleasure. We look for a time when many of the happy, 
howling crowd of boys, noted for their college song, and passing by our hotel 


this 17th day of June, 1891, will be as successful at engineering as they are at 
base-ball. 


(The resolutions were seconded and unanimously adopted.) _ 


Mr. Ashworth.—Mr. President, I desire to offer the following 
resolution : 


Resolved, That the American Society of Mechanical Engineers most heartily 
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return their thanks to Commander Theodore F. Jewell, U. 8. N., and his asso- 
ciate officers, in charge of the Torpedo Station at Newpoit, for the prompt and 
generous response to the suggestions of the Local Committee in inviting us to 
witness the action of the torpedoes and the manceuvring of the famous despatch 
boat Stiletto. 

Resolved, That in this action we recognize the confirmation of the hearty and 
thorough codperation of this great arm of the nation’s servants with scientific 
bodies in their efforts to develop and apply the mechanical appliances which are 
alike powerful both in peace and in war. 


(The resolutions were seconded and unanimously adopted.) 
Mr. Smith.—To still further express our gratitude, I offer the 
following resolution : 


Resolved, That the warmest thanks of the ladies attending this convention be 
tendered to Mr. George H. Smith, who, by his courteous and indefatigable labors 


in their behalf, in conducting them upon various delightful excursions, has so 
much added to the pleasure of their sojourn in this beautiful city. 


Also the following resolution : 


Resolved, That the sincere thanks of this Society are due and are heartily ten- 
dered to the Local Committee of Entertainment, who, by their earnest labors, 


-_ bered visit to the beautiful and hospitable city, which, in many of its engineer- 
ing aspects, has become, as it were, a Mecea to which engineers from lome and 
abroad seek inspiration in the cultured refinements of their noble craft, 
The President.—Gentlemen, in putting these resolutions, I 
 —- suggest that we take a rising vote. 


(The resolutions were adopted unanimously by a rising vote.) 


President Hunt, in closing the session, gave expression to his 


moved with such unity of good feeling; announced that the 
autumn meeting would take place in New York City, and pro- 
nounced the meeting adjourned. 
aa 
Excursion Days. 


The afternoon of Thursday was devoted to a sail down the 
Narragansett Bay to Rocky Point in the steamer Bay (Queew 
where a Rhode Island clam-bake was served. The menu covered 
 Biltle Neck clams, clam chowder, clam broth, baked blue fish, 
and tautog and fried eels. After the baked clams came lobster 
and clam fritters, with lettuce and cucumbers, strawberries, ice- 
cream, and coffee, sauterne and cigars. Leaving Rocky Point 
again the boat steamed down toward Newport, while in transit 
receiving a call from the Herreshoff boat Stiletto. This boat 
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circled round and round the speedy excursion boat with the 
speed of a railway train, and was a very remarkable exhibition. 

At the naval station in Newport Harbor, a series of submarine 
; torpedoes was exploded near shore for the interest of the party 


with great success. 

Returning up the bay to Providence, a visit was paid to the 
Elm Street station of the Narragansett Electric Lighting Co., 
and later, in the hotel where most of the ladies were, an 


informal dance was organized in the cleared dining saloon. In 
spite of the mist and rain, the day was voted a great success. 
On Friday, visits were made by the Society in a body to the 
Corliss Steam Engine Works, the Rhode Island Tool Co., the 
Hope Pumping Station, the American Ship Windlass Co., and 
the power station of the Providence Cable Railway Co. In the 
afternoon a special train conveyed the party to Pawtucket, where 
under the guidance of Mr. Edwin Darling, member of the Society 
and superintendent of the water-works, the Society visited the 


various stations of the water-works. Luncheon was served in a 
tent at the largest station, presided over by His Honor the 
Mayor of Pawtucket, supported by other representative gentle- 
men. The forbidding weather precluded visits to the many 
points of manufacturing interest in Pawtucket, so that after the 
meal the company listened to speeches until the hour for return 
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TWO ROPE HAULAGE SYSTEMS. 
BY R. VAN A. NORRIS, WILKESBARRE, PA. 
(Junior Member of the Society.) 


Wiruin the past two years the Susquehanna Coal Company 
have put into operation two rope haulage systems, designed by 
their chief engineer, J. H. Bowden, which are believed to have 
some novel features. The first of these was erected in December, 
1888, to take the empty mine cars from No. 5 breaker back to 
No. 4 slope. The cars are hoisted from the slope in trips of five 
cars each (see map, Fig. 181), and run by gravity to the breaker, 
where they are hoisted to the top in self-dumping cages, lowered, 
then bumped off and back-switched onto the empty track. The 
problem was to transport 600 cars per day up a grade varying 
from 1}° to 7°, and around a reverse curve, for a distance of about 
600 feet, while the coal for shaft and slope boilers, about 40 cars 
per day, was hauled from the breaker across these tracks, so that 
arrangements had to be made to allow the mine locomotive to 
run to the breaker on the empty track. On these accounts, 
and because of the number of switches in use, it was decided 
to run the rope overhead ten feet in the air to clear the loco- 
motive. The rope had to be driven from the breaker engine, 
an 18” x48” plain slide-valve engine, which was found to have 
ample power to spare, and it was considered advisable to have 
the “take-up” on the driving end. This was done by mount- 
ing the driving sheave on a truck, and driving by means of a 
square shaft sliding in a cast-iron sleeve to which the driving 
pinion was keyed (Fig. 182), the end of the square shaft working 
in a clamp box provided with wheels running on an angle-iron 
track. The tension was put on the rope by an iron bucket pull- 
ing on a three-to-one chain tackle, the bucket being loaded with 
scrap iron. The rope was a three-quarter-inch diameter steel 
hemp-centre rope, 19 wires to the strand, and was driven by a_ 


* Presented at the Providence meeting (1891) of the American Society of 7 
Mechanical Engineers, and forming part of Volume XII, of the Zransactions. 
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plain six-foot sheave (Fig. 183), with the groove filled with babbitt 
metal, an experiment which it was thought would give the rope a 
grip without the wear on it incident to a V-groove, and as the rope 
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merely took a half turn on the sheave, some such plan was con- 
sidered necessary. This babbitt lining has proved a complete suc- 
cess, the rope at first cutting it to the shape of the strands, but 
afterward wearing smooth; it has shown but three-sixteenths 
inch wear in two years of use, and has slipped only twice to my 
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Fig. 183. 
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knowledge, and then with a new rope freshly oiled, when an 
attempt was being made to haul a loaded ear. 

The end sheave at the slope was similar to the driving sheave 
in every particular, and shows no appreciable wear on the babbitt 
lining. 

The rope was at first run as shown by the dotted lines (Fig. 181), 
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but owing to the pull across the car at the slope-end, which 
tended to derail cars, it was afterward changed to the position — 
shown by the full line, the return rope crossing over the pulling 
one. Great difficulty was experienced in keeping the rope up to— 
height. At first the 16-inch sheaves (Fig. 184) with very small 
flanges were used, the tension of the rope being relied on to keep 
it up, but it was found that it was necessary to put a strain of 
5 tons in the rope, and even with this destructive strain it would 
occasionally pull down off the pulleys. An attempt was made to 
remedy this by bolting the flanges (Fig. 188) to the pulleys, allow- 
ing the pulling chain to drop through the fingers. These, when 
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Fig. 184. 
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the sheaves were tilted up to an angle of 15°, answered the pur- 
pose well, but it was found that they wore the rope badly, and 
finally the curved fingered flange (Figs. 185, 186) was tried, with 
complete success, though that could be improved by making the — 
fingers narrower and increasing their number. Similar fingers 
were finally put on the end-sheave, and a solid flange 3 inches 
wide on the driving sheave (Fig. 183). The tension on the rope 
was finally reduced to 3,200 Ibs. 

The matter of attaching the pulling chain to the rope was one 
of no little difficulty. The first attempt was a patent clamp cone 
(Fig. 187), with the chain attached to a clamp in the middle, allow- 
ing the rope to revolve without tangling the chain; which returned 
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to the breaker hanging from the rope. It was not supposed that — 
the small leverage, 2,5; inches, would kink the rope to any extent, 


but this supposition proved erroneous, the rope breaking with 
exasperating regularity and promptness at the cone, and the long 
hanging chain catching on various impediments and bringing the 


rope neatly to the ground. Next a yoke (Fig. 188), of a length 
sufficient to take in two of the fingers, and held in place by one _ 


of the clamp cones (Fig. 187), was tried; this had a ring sliding 
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on it into which a loose chain was hooked ; it worked beautifully 
for three or four days, until it had been pulled sufficiently out of 
shape to catch the fingered sheave and carry two sheaves with 
their supports to the ground, when it was voted a failure. Then 


----J 


Fig. 189. 


two cones were put together, with a swivel-ring between them 
(Fig. 189), which worked successfully for over a month, and then 
the rope broke between the cones. The plan (Fig. 190) was 
designed to avoid these troubles by pulling in the line of the- 
rope, and, we believe, would have overcome the difficulty and 
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retained the clamp cones, which were very easy to attach and 
space properly, and worked well around the curve pulleys; but 
before this was ready the problem had been solved by doing what 
we had been trying to avoid; the rope has been cut in seven 
pieces, and each ‘ae connected by two forged cones with a 
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¢ 
link between (Fig. 190a), the cones being securely leaded to— 
the rope, and the pulling chains, hooked into the links, removed — 
at the slope and sent back on the loaded trips to the breaker. The 
rope, however, still shows a tendency to break at the cones. <A 
number of ways of taking hold of the car were tried, half « dozen 
forms of hooks being made, tried, and discarded ; either they would 


slip off the cars or they would dig into the wood so that they 
could not be readily detac hed. Finally a half-inch pin was driven 
in the side-bar of each ear, and the end of the pulling chain pro- 


vided with a ring which was slipped over the pin, giving a certain: 
and easy hooking and disengagement, but with the disadvantage 
of pulling the car from the side. The rope was originally designed 
to run at a speed of 250 feet per minute, but it was found that 


Fig. 190a, 


in hooking onto the side of the cars, the jerk tended to derail 
them, and the pulley on the engine shaft was changed to give 
a speed of 180 feet per minute, which proved satisfactory. 

‘To provide for instant stoppage of the rope in case of accident, 
and whenever there were no cars to move, or the locomotive was 
passing, a Dodge hub friction clutch was placed on the driving 


shaft, and two three-quarter-inch hemp ropes, one for starting 
and one for stopping, were carried the full length of the haul 
and attached to the clutch lever. The whole has now been in 
successful operation for two years, two boys doing the work which 
previously required five mules and their drivers. At first only 
one car was pulled at a time, but now two are attached, the rope 
. being connected to the rear one. The jerk of starting was found 
by tests to be about 25¢ of the of the 
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them, after the start, from 2 to 4% of the weight, varying with the 
angle of the rope across the car. 

Encouraged by the success of the first rope haul, a second one 
was designed to carry the dirt cars from the Susquehanna Coal 
Company's No. 6 breaker to the dirt plane, a distance of 600 feet, 
and to return the empty cars to the breaker. About 500 three- 
ton cars of dirt are made daily by this breaker, which are hoisted 
on a long plane out of the valley, and dumped on the other side 


ot 


==> 


Fig.192. 


of the mountain, where space is less valuable. In this case (Fig. | 

191) there was but one interfering switch, which, being merely for 
supplying coal to the breaker boilers, was but little used ; there- _ 
fore it was practicable to stretch the rope on the surface. The | 
driving arrangements were similar to those in the No. 5 breaker > 
haul, except that in the large gear wheel a spring hub (Fig. 193) 
Was Inserted, the main wheel being loose on the shaft and pro- 
vided with lugs which projected into a chambered hub keyed to 
the driving shaft, three heavy springs, each closing with 2,000_ 
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Ibs., being interposed between the lugs and the hub, allowing a 
motion of four feet on the circumference of the six-foot diameter 
rope-driving wheel, to take up the shock of starting. The rope 
take-up was similar to that at No. 5 breaker, except that the 
square shaft was shorter and the end unsupported, allowing a 
“take-up” of twelve feet of rope (Fig. 192). The end-sheave, 
which was of necessity eight feet in diameter, the distance between 
centres of tracks, was put in a pit under the tracks and tilted in 
both directions to bring the two ropes out at equal distances from 


Sleeve for Clutch. 


Fig. 193. 


it, on the empty and loaded tracks, three feet vertically apart. 
The rope was carried around the curve on the curve pulleys (Fig. 
194), set about four-foot centres on the curve; these work very 
well, though they already show considerable wear. The throat of 
the driving sheave in this instance was made of the shape shown 
(Fig. 195), the groove being filled with hemp; when the machine 
was started, however, it was found that the driving sheave did 
not sufficiently grip the rope, a tension of 8,000 Ibs. on the rope 
being just sufficient to move the cars, but not to start them 
grade. To down and send it to the shops © 
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have 4 V-groove turned in it would have consumed several days, 
so a tool was made to the shape of the groove required and 
bolted to the timber of the carriage, the machine, rope and all, 
run very slowly, and the groove turned out in two hours to the 
shape shown by the dotted lines, when 
it was found to drive perfectly, though, 
of course, it is none too easy on the rope; 
the tension was, however, reduced to 3,000 
lbs. without interfering with the driving. 
The cars, 12 in all, were attached to the 
rope by a grip (Fig. 196), catching clamp 
cones (lig. 197)* similar to those used 
on the No. 5 breaker haul; these are 


Curve Roller, 


constructed of six brass segments cast on a 
Fig. 194. 


apiece of the rope, so that their inside 


surfaces are an exact reproduction of its exterior, and clamped > 


to it by steel cones screwed on the threaded exterior of the seg-— 
f ments; these are readily put on and re- 


Fia,|195. | moved, so far have shown no tendeney to— 
“ig. 195. | 


slip, and give perfect satisfaction in every 
way. The moving rope is thrown into 
the socket (a, Fig. 196) by a wooden lever 
slipped under the car, and the finger ())_ 
allowed to spring into place, holding it 
there until the cone comes along, and, 


striking the socket, carries the car for- 


ward with it, the blow being cushioned by 
the springs («), each compressing with 600 
Ibs., against which the grip arm works, as_ 


well as by the spring hub in the driving . 
sheave. The latter works admirably, the 
rope coming almost to a full stop and then 


gently starting the 

The rope is dropped by the sliding out of | 
the finger b, which is effected by an uncoup- 
ler beside the tracks. It was originally 
intended to place this inside the track, and to shove the pin out 
with the arm d by having that slide against a curved piece of 
Wood, but it was found that d had a tendency to bend, and besides 
Was in the way between the rails. It was consequently removed 


Patented by the chief e1 igineer, Bowden, October 16, 1888. 
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and the uncoupler applied direct to the handle 2. This wasnotat 
first successful, as the finger could only be moved 2$ inches, and the © 
car had a clearance of over an inch, including end motion of axle 
and clearance of wheels on track. Finally the solid uncoupler was 
successfully replaced by a3 x { steel spring, which was strong 
enough to drop the rope, but not to bend the handle of the grip. 

From the drawing it will be noticed that the loaded cars can be 
picked up anywhere under the breaker, while the empties are un- 
hooked outside and run in by gravity, the empty rope passing — 
under the track. The loaded rope passes one switch rail, which 
is effected by grading the track so that the natural position of the 
rope is below the bottom of the rail at this point, the rope being © 
raised in the grip through the open self-acting latch shown, this 


latch only closing when the empty cars are running in. A fric- 
tion clutch operated by ropes extending the entire length of the 
haul is provided for starting and stopping, as in the No. 5 
breaker haulage plant. The cars, both empty and loaded, are 
run in trips of two cars each, the grips on the last car only being | 
used ; the cars are very heavy and hard running, teams of two 
mules each having all they could do to pull two loaded cars up . 
the grade to the plane. 

The history of these two haulage plants with their failures and 
successes is offered for what it is worth, not as being the best — 
way of accomplishing the results aimed at, but with the hope that | 
better ways may be developed by the criticism of these. 

DISCUSSION. 

Mr. T, Spencer Miller.—1 notice in the latter part of the paper : 
that the driving-wheel had been grooved to an angle which from 
the ‘drawing seems to be 25° or 30°, and the paper mentions that = 
this was hard on the rope. I am to what extent 
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the practice of pinching wire rope in V grooves is being fol- 
lowed now, and also the reason why they did not improve fur- 
ther, and use a grip wheel for driving the cable. I would like 
to hear something on these points. 

Mr, E. F. C. Davis.—1 would ask whether they have had any 
opportunity for comparing this system with what is called in 
the Schuylkill region the car-hoist system. A great many col- 
lieries there have requirements similar to this one. It has been 
customary to lift the cars up an incline by a constantly moving 
chain, hooking on the axles of the cars, which runs the cars up 
the necessary amount of incline to make them run down grade 
the rest of the road, and that involves very much less mechan- 
ism than the rope-haul, and from the fact that the cars are 
moving constantly there may be as many as half a dozen light 
cars kept in motion at one time. Two chains are used (about 
six inches apart) when you want to handle more cars than you 


could afford to put on one chain. The car-hoist has the advan- 


tage of being in constant motion all the time, and it is only 
necessary to feed the cars on to it as fast as wanted, and the 
length of the car-hoist does not limit its delivery. IT would like 
to ask whether they have had an opportunity to contrast the 
economics of the two systems, as I suppose they must have con- 
sidered that before they adopted the rope-haulage system. 

Mr. J. F. Holloway.—I do not rise for the purpose of discuss- 
ing this paper at all, but simply for the purpose of perpetrating 
a little ancient history. When I was a young man I was called 
upon to devise a plan for wire rope haulage, which, perhaps, 
was the first use of cable rope for that purpose in this country. 
It was in connection with coal mines in Maryland, and for the 
Maryland Mining Company, near Frostburgh and near the Bor- 
den mines. We had a slope going down into the big coal vem, 


with a very steep incline at the beginning, and it was thought 
that some contrivance in the way of hauling out coal by machin- 
ery could be used. Nothing was then known about continuous 
rope-hauling, but I knew something about a belt going around 
one pulley and over another. I devised a scheme of having an 
endless wire rope passing around a drum at the head of the slope, 
and going back to another similar drum which set on an incline, 
and which carried the rope back to another groove in the driv- 
ing-drum, until we got two or three turns of the rope around 
the driving-drum, then going down on one side of the slope with 
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the empty cars and bringing up the loaded cars on the other 
side. The loaded cars were attached by a pair of eccentrics on 
the cars, which were run on to the main line, and these grasped 
the wire rope which was going up the slope, and held on with 
the peculiarity of holding on the harder when the road was the 
‘ steeper, until the car got to the top of the incline, where it ran 
pies a little steep pitch, ran ahead, and loosed itself. It was all 
simple enough, and worked very well. Another peculiar advantage 
of the arrangement was, that to the large wheel at the bottom 
of the slope which made the return from one track to the other, 
I attached machinery for driving-pumps, so that the drainage of 
the mine was performed by the same power that hauled the cars 
up. I went back there quite a number of years afterwards, and 


r learned that the rope was still running very nicely and success- 


fully, and hauling the coal out at a less cost than at any mines 
in that vicinity. I simply mention this ancient history, because 
I know something about such history. 

Mr. Norr/s.—May I ask Mr. Holloway whether he had a grip 
on each ear, or on a special grip ear ? 

Mr. Holloway.—On each car. At the bottom of each car were 
two eecentries partially grooved, and, as the car ran on to the 

- main line, the main driving-rope was raised up until it came 
opposite the groove, and these eccentrics were clamped on it. 
As I say, the grade varied, and the eccentric grip held on until 
it got to the outside, and then let go and the cars ran off down 
to the dump, Each car had a simple grip attachment of its 

Mr. R. Van A, Norris.*—The V groove in the driving-sheaves 
was put in as a matter of necessity, because the machine would 
not drive without it. It is not a plan ordinarily used about the 
mines, nor one which we care to adopt. A grip-wheel would not 
have taken our cones very safely, which had to pass around it. 
The car-hoist system referred to by Mr. Davis was considered 
in both of these cases ; in the first it would have interfered seri- 
ously with the grades, and have involved a rearrangement of 
the breaker tracks, as well as an expensive trestle ; in the second 
the cars would have needed to be brought up grade the length 
of the breaker to a car-hoist located outside, and a second hoist 
put in at the plane end to return the empties, so that the cost 
mm either case would have been considerably greater than the 


* Author’s closure, 
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rope-haulage. As to economy, our ropes last about a year, and 
other repairs are very slight. The first rope-haul requires the 
services of two boys, one at each end; the second is hauled by 
the loaders under the breaker and by the plane tender at the 
plane, thus employing no extra labor; and furthermore, it de- 
livers the cars in trips of two, the way in which they are hoisted 
on the plane. 
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TEST OF A TRIPLE-EXPANSION ENGINE. 


= 
BY J. T. HENTHORN, PROVIDENCE, R. 1. a 


(Member of the Society.) 
Tue engine which forms the subject of this paper was specially 
designed and built by the E. P. Allis Co., E. Reynolds, Am. Soe. 
M. E., General Superintendent, of Milwaukee, Wisconsin, for the 
Narragansett Electric Lighting Company of Providence, R. L., for 

which latter, the writer's firm (Remington & Henthorn) were the 
designing engineers. It is of the triple expansion type, work- 
ing as a quarter crank machine. The performance of this engine 
when on its regular service at the station was made and reported 
upon to the parties in interest by a board composed of E. D. 
Leavitt, Am. Soc. M. E., and the writer, and the details of the trial 

from the official test are herewith presented to the membership, 
as a matter of engineering information. 

_ The engine has cylinders 14”, 25", and 33” diameter, and each 
48” stroke. The frame of the engines is formed by two forged 
iron guide-rod bars, each 44” square, which are secured to the lugs 
on the cylinder and main pillow block. Both guide-rod bars have 
a heavy support underneath at the centre, which in turn is secured — 
to the foundation by anchor bolts. The guides are formed by 
cast iron V strips bolted on top and bottom of the bars, and can 
be removed for repairs at pleasure. The high-pressure and inter- 
mediate cylinders work tandem on one crank with the high-press- 
ure cylinder astern, and the low-pressure cylinder works upon a 
second crank set at right angles to that upon the opposite end of 
the crank shaft. The intermediate and low-pressure cylinders have 
each two piston rods, each pair of rods passing through its respec- 
tive cross-head, with the cross-head pin intervening between the 
ends of the rods. For the one piston rod of the high-pressure 
cylinder, connection is made to the centre of the piston of the 
intermediate cylinder, and is secured thereto by shoulder and 


*Presented at the Providence meeting (1891) of the A 


merican Society of 
Mechanical Engineers, and forming part of Volume XII. of the Transactions, 
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nut. The wrought iron cross-head is what might be termed of the 
steamboat type, having the pin at the centre and each end turned 
to fit the shoes or slide of the guide rod. 

The details in the construction of the cylinders are shown 
in section on Figs. 198, 199, and 200, where it will be seen that 
each is steam-jacketed by forcing a working barrel or liner into 


odi 
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hg 


the ‘oylinder proper, sai the n each jointed end made tight by 
staking a copper ring into a recess or groove cut equally in width 
in the end of the liner and cylinder casting. The heads of each 
cylinder form the casing for the Corliss type of valve, and through 
which steam and athe passages communicate with corre spond. 
ing steam passages in the cylinder casting. All of the steam- 
valves are double ported to admit of a greater port opening with 
& minimum valve travel, With the of 
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forming the steam-chest for the valves, the heads are not steam 
jacketed. 
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The receivers, of which there are two, are each made of welded 
Wrought iron tube, 20” in diameter, which is enclosed in a similar 
tube 24” in diameter, thus leaving 1§” space between the outer 
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and inner shell, through which circulates the jacket steam at 
boiler pressure. The course of this steam through the receivers 
and jackets of the several cylinders is as follows: Steam is taken 


from the main steam-pipe to the jacket of the second receiver ; 
the drain from this thence goes to the jacket of the first receiver, 
from this to the high-pressure cylinder jacket ; thence to the 
jacket of the intermediate cylinder, and finally through the jacket 
of the low-pressure cylinder, from which by means of a pump of 
short stroke worked by the engine, the water of condensation is 
returned to the boilers through the regular channel. 

As before stated, the type of the valves is known as the Corliss. 
These are equipped with a liberating valve gear designed by 
E. Reynolds, the general superintendent. As in all modern 
engines of this type the valves are closed by vacuum pots located 
level with the engine-room floor. The cut-off mechanism of the 
high-pressure and the intermediate cylinder is actuated by and 
under the control of a fly-ball governor; when desirable this con- 
trolling mechanism may be disconnected from the intermediate 
cylinder at pleasure and the point of cut-off fixed by hand-adjust- 
ment for that cylinder and entirely independent of the action of the 
governor. For the low-pressure cylinder the cut-off is determined 
at pleasure by hand adjustment only, and is always independent 
of the action of the governor. This arrangement admits of such 
a nicety of adjustment in each of the cylinders as may be desira- 
ble for any load and pressure, while at the same time the engine 
is perfectly automatic in its accommodation to the variable load 
always present in work of this character. 

Steam is taken from a welded 18” pipe which also is the feeder 
for two other engines, and is ultimately intended for still more. 
There were no means for separating the moisture from the steam 
before entering the engine, nor for removing any water of conden- 
sation from the steam after leaving one cylinder and before euter- 
ing the next one. This condition of things was from necessity, as 
the size of the steam-pipe was made to accommodate one-half of 
the ultimate capacity of the station, and in this particular test was 
far in excess of any requirements of the engine. This, of course, 
caused condensation in the line, notwithstanding that it was cov- 
ered by a plastic cement, and these cireumstances worked together 
to the detriment of the engine very materially. 

The engine exhausts into the condenser through a 26-inch cast- 
iron pipe, which also is common to all engines of the station, The 
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condensing apparatus is entirely independent of the main engine, 
and consists of a condenser 9 feet long, 6 feet wide, and 8 feet high, 
and contains 2,496 square feet of cooling surface. The tubes, 
which are {j inch and 1} inches in diameter, placed one inside of. 
the other, are suspended vertically from brass plates, with their up- 
per ends expanded therein. The plates for supporting the smaller 
tubes are some 8 inches above those for the larger or cooling pipes, 
as per Fig.201. These tubes are arranged in six sections of 208 
pipes in each section, the water of condensation passing down- 
ward through the 1j-inch tubes, thence upward through the small 
tubes, where it then crosses over to the next section, passing down 
through the small tube and upward between the large and smaller 
tubes, where it again passes forward, the operation being repeated 


until the water has traversed six sections. It finally passes over-_ 
board to the river by an 18-inch cast-iron pipe, the end of which 
is submerged about 4 feet below low water, and consequently acts 
as one leg of asiphon. The engine for working the air and cireu- 
lating pumps is upright, of the Corliss type of valves, closed by 
vacuum pots, the same as the valve gear of the large engine, and— 
is 12 inches diameter and 16-inch stroke. This cylinder is not 
steam-jacketed, but is well lagged with plastic material and mahog- 
any wood covering. The exhaust steam from this condenser engine 
passes into the first receiver of the main engine, and is thus again 
utilized in the intermediate and low-pressure cylinders. This fact 
of the test precluded the laying out of a combined indicator card 
from the three cylinders. 

There are two pumps, of which there is one air-pump, 24 inclies 
diameter by 16-inch stroke, of the lifting bucket type without foot 
ralves, and one, 16 inches diameter by 16-inch stroke, plunger 
circulating pump. Between the air and circulating pumps is loca- 
ted, on the overhead crank shaft, a plain fly-wheel 10 feet in diam- 
eter, the centre of the shaft being 10 feet 1 inch above the floor. 
This condensing apparatus is shown on Fig. 201, and is intended 
to receive the exhaust steam from several engines, as the growth 
of the station may require, as well as from the one tested. 

All oil used in lubricating the working parts of the engine 1s 
drained back into an oil well located under each pillow-block. 
From these wells, after passing through a suitable strainer, it is 
drawn by a small pump, worked by the rocker arm on the high- 
pressure side, and forced through a system of pipes back again to 
the working parts, The supply at any one point is controlled by 


TEST OF A TRIPLE-EXPANSION ENGINE. 


» 


Main 


Store Room, 


werhead 
Traveling Crase, 


Face 


Wheel 17 ft. dial 


yong 


ae 
? 
be id 
2 
id 
7) 


‘| Jack Pulley 


49 


af 
Hei 


Yowa uy 


VOL feqny * 


oy yawn 


eqny yy 


| 
| | > i 
» > 
> 


650 “34 TEST OF A TRIPLE-EXPANSION ENGINE. 


a valve, and so a steady and constant flow of oil is maintained at 
all places requiring lubrication. This same system is in use on our 
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large engine (1,200 horse-power) of the same type and build, and 
which runs at the same speed, 100 revolutions per os with 

very satisfactory results, 
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A TRIPLE-EXPANSION ENGINE. | 
In connection with this paper a general plan of the electric 
station, where the engines are in daily operation, is given in Fig. 
202, which plan shows the location of the engines, boilers, chimneys, 
ete., and their connections. There is also given a plan and eleva- 
tion of the engine, Figs. 203 and 204, which plainly show the cen- 
struction and general arrangement of the parts, 
METHOD OF TEST. 


It was found inexpedient to measure the feed-water on account 
of leakage from the boilers, and, therefore, arrangements were 
made to weigh the water discharged from the engine after passing 
through the surface condenser. The ordinary hot-well discharge 
was blanked off from its regular course, and the necessary pipes 
and valves fitted to discharge the water from the surface condenser 
into two weigh-tanks alternately. The water, after being drained 
from each of the alternate weigh-tanks, was then taken by the feed- 
pump and discharged through a meter as a check on the weigh- 
ing, when it finally passed to the river. The temperature of the 
hot-well water was taken at the time of each weighing of the water 
tank. 

The jacket-water pump of the engine was disconnected, and 
during the test the drainage from the receivers and jackets was 
regulated by hand, so as to keep the water at a given height, as 
shown by a glass gauge in the system of jacket piping, to prevent 
steam from being discharged with the jacket water. Two weigh- 
tanks were provided for measuring this water. Each tank was 
partially filled with cold water from the city mains, and its weight 
and temperature noted. The condensed steam from the jackets 
and receivers was then allowed to run in until the tank was 
nearly full, when it was turned into the other tank, which had pre- 
viously been supplied with cold water, and the weight and tem- 
perature of the mass again noted. The water was then emptied 
into the tank from which the feed-pump drew its supply, and was 
passed through the meter with the hot-well water. 

As the condensing water, drawn from the river, was salt water, 
it afforded a means of detecting any leakages which might be 
in the surface condenser from the salt-water side. Therefore, the 
hot-well water was frequently tested by nitrate of silver, but no 
leakage was found during the test. The condenser was also tested 
previous to the engine test and found to be perfectly tight. 
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Indicators were put on all steam cylinders of main and auxiliary 
engines, one on each end of each cylinder, and all connected as” 
close to the cylinders as possible, all pipe connections being direct, 
without bends or angle cocks. The motion for indicators was 
taken from the engine cross-heads by pantagraphs, and their accu- 
racy of motion established before the test was commenced. The 
six indicators on the main engine were electrically connected, 
so that all cards of each set were taken simultaneously. An — 
electric current from batteries was employed to bring the pencil 
point of the indicator motion up to the paper and to make the 
contact with it upon the drum through the agency of a suitable | 
magnet mounted upon the instrument. All indicator springs used 
on the engine were tested under steam, both before and after the 
engine test, and the mean of the two seales taken. The springs: 
used on the small engine were similarly tested, but only once. 
All springs were tested by a test steam-gauge, which itself had 
immediately before been tested by a mereury column. 

Previous to the engine test the steam and vacuum gauges were 
tested and found to be correct. Subsequent to testing the engine, 
however, the vacuum gauge got out of order, so that its readings — 
were incorrect. It was, consequently, tested after the engine test, 
and its correction for the pressures noted was found to be an. 
average of l inch. The steam-gange at the engine was compared, 
while the engine was standing, with the test-gauge used with the _ 
calorimeter experiments. The application of the resulting correc-_ 
tion did not make the readings agree with the test-gauye, prob-_ 
ably on account of the pipe leading to the gauge not having a full 
head of water in it when the engine was running. The average 
reading of the test-gauge is therefore given in the synopsis of 
results, instead of the average from the regular engine gauge. 

A half-inch perforated brass pipe was inserted horizontally in. 
the vertical main steam-pipe close to the engine throttle, through 
which steam was collected for test by calorimeter (Pig. 205), and 


all such pipes leading to the calorimeter were carefully covered — 


by hair felting. The calorimeter was of the “barrel” type, made — 
of galvanized iron, with double walls separated about three inches: 
and the intervening space insulated by hair felt. It was provided 
with a set of rotating buss paddles mounted on a brass rod for 
equalizing the temperature of the water (Fig. 206). The steam 
entered horizontally through the side of the tank, thence down 
the side, and finally into a half-inch brass pipe coiled in the bot- 
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tom of the barrel, and to which it was permanently secured. The 
barrel was mounted ona platform scale provided with a jockey 
weight which gave readings to one-tenth of a pound, the scale 
being sealed by the city sealer just previous to the test. The 
thermometer used was a reliable one tested at the Kew Observa- 
tory, and readable to one-fourth of a degree Fahrenheit. The 
observed weight of condensing water was corrected to include a 
weight of water equivalent in heat capacity to the metal of the 
calorimeter, which was subject to the same conditions, changes of 
temperature, as the water, as follows: 


14.56 lbs. iron x specific heat 0.094 
6.07 ‘‘ brass x‘ 0.110 


Equivalent weight of water 


For determining the percentage of moisture in the steam fur- 
nished the engine, the following formula is used: 

Where 
> 
W, Weight of cold water (corrected for heat capacity of barrel). 
w, Weight of steam blown in. 
‘, Initial temperature of water in calorimeter. 
f,, Final temperature of water in calorimeter 
P, Average steam pressure. 
/7, Total heat of steam. 
7’, Total heat in water at pressure P. 


All preparations were made for testing the engine on July 15. 
and on the afternoon of that day the engine was loaded success 
ively with 400, 450, and 500 are lights, and two complete sets of 
indicator cards from all cylinders taken at each load. A long 
pointer was attached to the high-pressure cut-off arm, and 
when the above load was on, marks were made on a stationary 
board, so that variations of the loads from that desired could be 
detected. The horse-power shown by the various cards was as 


follows: 
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| | H. P. | LEP 
| 
Ist card, 97.50 386.4 179 404.3 | 
400 are lights 2d card, 97.50 407.7 17.5 4252 
Average, 97.50 397.1 114.8 > 
(isteard, 99.38 446.5 15.6 462.100 
450 are lights~ 2d card, 99.38 435.0 15.8 450.8 
( Average, 99.38 440.8 15.7 456.5 ad 
(Ist card, 99.86 482.6 16.2 498.8 ma 
are lights card, 99 50 468.8 16.3 485.1 
Average, 99.68 475.7 16.5 492.0 


It was thus found necessary to fix the load at a little over 500 
lights in order to keep within the limit of 25 either side of 500 
2. 

At 9.30 p.m, the engine having been run for about two hours, 
the water was turned into the weigh-tanks and the counters thrown 
into gear, and the test was held to commence. Indicator cards 
were taken at intervals of twenty minutes, and temperatures and 
pressures noted at the same time. The engine was run until 7.50 
AM., When the reading of the counters was taken, the throttle shut, 
and water turned off the last tanks, and the test was thus fin- 
ished. The steam pressure was kept fairly steady during the 
test, except for a short time at midnight, when it was accidentally 
reduced to 110 Ibs. at the engine. 

It will be seen from examination of the tables that considerable 
water was carried over by the boilers, and also as a result of radia- 
tion in the steam-piping. The boilers in question were of the water- 
tube type, each boiler having three 36-inch steam-drums, 15 feet 
long, and while these boilers were running during the test at only 
one-half their rated capacity (which is on a basis of 30 lbs. of 
water per horse-power), the result was from 5 to 11¢ of moisture 
found at the engine, while the average was 7.59¢. This resulted 
as a Very serious handieap to the performance of the engine, and 

while the water found to be present in the steam has been 
deducted from the weight of water collected in the tanks, in deter- 
mining the net steam chargeable to the engine, the presence of 
this moisture most seriously affected the economic action of the 
Steam with which it was mixed, and amounted to much more 
than there credited for the water thus found. 
Appended is a series of tables containing the several records 
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made during the test. Table No. lis the log of steam pressures— 


i.e., boiler pressure, first and second receivers, and vacuum—and 
also the temperatures of injection, overflow water, and engine room. 
Table No. 2 covers the data relating to the revolutions. Table 
No. 3 relates entirely to the weight and temperature of the water 
discharged from the surface condenser into the several tanks, 
while No. 4 embraces the records appertaining to the weight and 
temperature of the water discharged from the receivers and steam- 
jackets into the tanks. Table No. 5 embraces all of the data 
relating to the calorimeter experiments and their deductions ; and, 

7 finally, Table No. 6, the indicated horse- power developed in each 
cylinder, and also the power of the condensing engine. 

I have appended a series of indicator diagrams, from all of the 
steam-cyliaders, taken during the test, to illustrate the action of 
the steam. And thereon is the correct spring or scale of each 
diagram as they were found by careful test under steam before 

(Figs. 207 to 214.) 


Fic. 207. 


No. 10.—July 14, 1890. 12:50 a.m. 


High-pressure cylinder, crank end. 
Diameter cylinder 14 inches 
Stroke 48 inches 


5 inches 


| 656 
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Fig. 208. 


No. 10.—July 14, 1890. 12:50 a.m. ja. 
High-pressure cylinder, back end. | 
Diameter cylinder since 14 inches 


Indicator scale 

Calculations : 
Length 


209. 


No, 10.—July 14, 1890, A. a 


Intermediate pressure cy bes er, crank end. 

Diameter cylinder 25 inches 

Stroke 48 inches 
23.39 


1 
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Fia. 210. 


No. 10.— July 14, 1890. 12:50 a.m. 

Intermediate pressure cylinder, back end. 

Diameter cylinder .......25 inches 
Stroke 48 inches 
Calculations : 

Length 

3 


Fira. 211. 


No. 10.—July 14, 1890. 12:50 a.m. 
low-pressure cylinder, back end. 
Diameter cylinder 33 inches 
Indicator scale 
Calculations: 

Length 


| 

| 
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> 


242. 
No. 10.—July 14, 1890, 12:50 ac. 
Low-pressure cylinder, crank end, 
Diameter cylinder .................. es Sd inches 
Stroke 48 inches 
10.65 


No. 10.—July 14, 1890. 12:50. M. a 
Condensing cylinder, bottom end, 


Diameter cylinder 12 inches 


ce 16 inches 
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Fig, 214. 


10.—July 14, 1890. 12:50 am. 

_ Condensing cylinder, top end. 


7 Stroke ....16 inches 


Indicator scale 56.42 


Calculations: 
Length 


In determining the duty of this engine as given in the following 
general summary, the power developed in the engine of the con- 


densing apparatus and that of the main engine has been used col- 
lectively, and thus treated as one engine ; and this factor, when 
divided into the total water, which includes all that discharged 
from the surface condenser, and that also from the two receivers 
and the three cylinder jackets, gives as a result 12.94 Ibs. of water 
per indicated horse-power ; this is accomplished with exceedingly 
wet steam and of 125 lbs. pressure only. 

The engines were originally designed, however, to carry a work- 
ing steam pressure of 1C0 lbs., as that was fixed by the mechani- 
cal engineers of the electric station as the ultimate pressure for 
all machines. And I feel quite confident that, with that pressure 
and dry steam, only 12.6 ibs. of water would be required per indi- 

cated horse-power, 
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GENERAL DIMENSIONS OF ENGINE. 


Diameter of fly-wheel........... 

Width of pulley face 

Diameter of crank-pins.......... 
Length of crank-pins 

Diameter of main bearMg. 
Length of main bearing 

Centre to centre of engines 


Steam-ports (2) 

Exhaust-port (1) 

Diameter of steam-ports ....... 
Diameter of exhaust-ports 

Thickness steam space in jacket.... . 
Diameter piston rod 

Diameter steam inlet...... 

Diameter exhaust outlet........ 


25-1NCH CYLINDER. 
25° cylinder steam-ports (2) 


exhaust-port (1) 


diameter steam and exhaust ports .... 


Steam-ports (2)........ 
Exhaust-port (1)...... 

Diameter steam-ports . 
Diameter exhaust 


RESULT OF TEST. 


Test began at..... 9.30 PLM. 


Test ended at 


Revolutions of main engine, total ama 59,376 
maximum per minute.... 90.33 
minimum “ 99.10 
average 99.12 
condenser engine, average per minu'te..... 61.29 


661 
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Steam pressure at engine throttle, per gauge, maximum.... 128 
average 125.2 
first receiver, 26.98 
second 1.70 


condenser, maximum 26.7 
minimum,. 25. 


average... 26.! 


Barometer, average 


Temperature of injection water, ave 72.00 
discharge ‘* * 86.06° F, 
hot-well 109.06° F, 


4“ ‘* enyine-room, 90.00° Fy 


Indicated horse-power, main engine, maximum 


‘ 


minimum 
average 
condeuser*‘ maximum 


se 


minimum 


average 


aggregate 532.11 


Water discharged from hot-well, total 63.684 Ibs 


engine, 74,837 Ibs, 
Percentage of total steam used in jackets...... 14.334 
Water entrained in steam, per calorimeter test Mee 7.39 ¢ 


Net steam used by engine..... cache . 68,840 lbs, 
Steam per indicated horse-power per hour..... .... -. 12.94 Ibs. 


| 
17.6 
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TABLE NO. I. 


Record or EXPERIMENTS WITH A TRIPLE-EXPANSION ENGINE At THE NAR, 
RAGANSET?T STATION, PROVIDENCE, R. L., JULY 15 AND 14, 


ENGINE-ROOM DATA. 


PRESSURES. 


Steam at Steam at first) Steam at second 


throttle, | receiving. receiving. 


Cor. = — 3. 


~ 
~ 
3 


Observed 

Observed. 

Observed 
room. 


5 


1 
1 
1 
1 
1 
1 
1 
1 
1 


=) =) 


vouue sy 


BoP 


qe 


wie 


j 

| 
+) 
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’ 
PM 
9:45 86.0 | 93.0 
10-00 $6.0 93.0 
10:15 86.0 | 43.0 
10:30 86.0 | 93.0 
| 93.0 
11:10 86.5 | 93.0 
11:3 S605 92.0 
86.0 91.0 
8.0 91.0 
86.5 92.0 
86.0 91.0 
6.0 91.0 
85.0 | 
86.0 | 
86.0 | 99.0 
86.5 | $0.0 
86.0 0.0 
91.0 
86.0 | 81.0 
86.0 | 
86.0 | 90.0 
R60 &7.0 
85.0 86.0 
86.0 87.0 
85.0 87.0 
| $6.0 | 87.0 
| 86.06 | 90.08 
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TABLE NO. Il 


REcorD OF EXPERIMENTS WITH A TRIPLE-EXPANSION ENGINE AT THE NAR- 


RAGANSETT STATION, PROVIDENCE, R. I., 13 AND 14, 1890. 


@ 


REVOLUTIONS. 


| 


Matin ENGINE. 


NE. 


Ena 


First Counter. Second counter. 


CONDENS- 
ING 


Hour. 


Difference. 


Reading 
of counter, 


Difference. 
interval. 


Reading 
| of counter. 


1931 
19-2 
1982 
198) 
1082 
19s1 
1983 | 
1983 
1982 
1084 
1985 
1982 
1084 
1982 
1983 
1922 
1953 
1982 
1981 
1085 
1982 
1084 
1084 
1882 


245 
24730 
31913 
35681 
41630 
4512 


2:3 
2: 
3: 
3:3 
4 
4:: 
4: 


Average. ..| 


} 
* 
664 pa 
|| 
| 
Hou isl os 
| “| | 
9:30 | 9:31 62.0 
9:45 1490 1490 15 99.33 9:46 1489 1489 15 99 26 
10:00 2075 | 1485 15 94.00 10.02 8073 | 1584 16 ‘10 
10:15 | 4462 1487 15 9913 10:16 461 1388 14 9014 
10:30 5049 | 1487 | 15 99.13 | 10:31 | 1487 15 99.13 | 61.0 
1982 20 99.10 10:51 1 20) 99.10 61.0 
9914 | 1983 20 99.15 1 20 99.15 61.0 
q 11805 1081 20 05 11:31 0905 1.0 
13876 1981 20 99.05 | 11:51 13876 20 99.10) 61.5 
15858 20 | 99.10 | 12:11 1 20 99.10 615 
17839 20 | 99.05 | 12:31 1 90 00 
19818 | 1979 20 8.95 12:51 1 4) 
* | 21800 1982 20 99.10 | 1:11 2 20) 99.10 | 61.5 
20 99.10 1 2 21) 99.05 | 61.5 
20 99.15 1 2 99.15 | 61.0 
20 99 15 1 2 20 99,15 61.0 
» | 2) | 99.10 1 2 | 99:10) 
18 99 23 1 3 20 99.25 61.5 
20 99.10 1 3 1) 49.10 61,0 
20 49 20 1 3 2) 61.5 
} 20 99.15 1 3 2) 61.0 
20 99.10 1 4 | | 61.5 
20 99.15 mill | 4 61.5 
1982 20 99.10 1 4 99.10 61,0 
49558 1981 | Ww 9905 4 99.05 61,5 
51543 1985 99.25 1 5 20 99.25 | 61.5 
43525 1982 20 99.10 5 2) 99,10 61.5 
55509 TOS4 20 99,20 1 5 99 61.5 
57493 1984 20 9) 20 1 61.5 
50376 1883 19 99.15 5 19 99.05 61.0 
| 99.12 99,12 61.2% 
= 
= 
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RECORD OF EXPERIMENTS WITH A TRIPLE-EXPANSION ENGINE AT TEE NAR- 
RAGANSETT STATION, PROVIDENCE, R. I., JULY 18 anpb 14, 1890. 


WEIGHT OF WATER DISCHARGED FROM HOT-WELL. 


TANK No. 1. TANK No. 2, 
| Net 
Time when Weight Weight 


full. empty. | full. 
| water, 


Temp Time when Weight Weight 
f 


ull, empty. full. Temp. 


| 
110 
110 
110 
110 
110 
110 
110 
10 
110 
110 
110 
110 
110 
110 
10 
110 
wo 
109 
109 
109 
109 


eo 


| 
| 
| 


Lie 


=! 


258 
200 
260 
260 
20 
260 
260 
260 
20 
100 260 
100 200 
109 3:35 260 
109 259 
109 260 
109 260 
108 260 
108 260 
108 260 
108 260 
108 f: 260 
108 5:55 260 
108 260 
108 5:22 260 
108 35 
108 ive 20 | 
108 | 260 


as 
ac 


SS 


= 


a 


ae 


108 : | 259 
239 


41020 | 31849 | 4692 | 11421 | 43256 
i | i 


| 


Total water from hot-well = 63684 Ibs. 
Average temperature of same = 109,06° Fahr. 


. 
9:43 36 2fi5 911 | 646 105 
0:57 | 259 W837 | 678 09 
10:10 033 256 954 110 
17 262 “iT | 110 
10:38 10:31 22 90 | | 110 
10:52 10:45 259 ws | 709 | 110 
11:06 10:58 258 966 | TOS 110 
1:20 11:12 258 N72 714 110 
33 11:26 718 110 
110 
110 5 } 
110 
110 be 
110 
110 
Il) 
110 
110 
109 
109 
9 
109 
19 
109 
109 
109 
109 
109 
109 
108 
108 
108 
Tos 
18 
10S 
208 
108 
1s 
108 
108 
18 
| | 
= 
e 
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7 86 


1852.13 


224 10) = 92.25 
- 223 85) = 92.16 


x 60,50 
186.5 60.75 
11.1 


864.5 
1 = 


224.40 864.5 
223.85 
55 (4301.30 17310.: 


—-}- 


1221.9 | 60.75 
24431.6 |1158. 


| 
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7121.4 


357.1 


} 
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Prof. R. H. Thurston —This is, I believe, the best work yet 
reported from an engine in regular and ordinary service, and I 
think “breaks the record.” Such an extraordinary and excep- 
tional performance should, of course, be checked and corrobo- 
rated by repetition; but I have no doubt that it may be accepted 
as practically correct, as here given. I understand that the 
engine is guaranteed to come down to a still lower figure, and 
when working at its intended pressure and load, its economy, 
theoretically, should be several per cent. better. It seems per- 
fectly possible, therefore, that the guarantee may be fulfilled. 
Since, as stated by the reporter of these figures, the steam was 
seriously wet, it is certain that the jackets must have had an 
important influence in securing this high efficiency of the ma- 
chine, notwithstanding the fact that the speed was 100 revolu- 
tions a minute. The fact illustrates once more, the now fre- 
quently and generally observed fact that, for any considerable 
expansion, in seeking high economy, eficivnt jacketing must be 
secured. That 14¢ of the steam applied should have trans- 
ferred its heat to the engine through the jackets, simply 
confirms this deduction. These results and their conse- 
quences are the more satisfactory that they are obtained from 
an engine of but moderate size as compared with many in use, 
and in the face of some decidedly disadvantageous circum- 
stances. The heads, although not covered by a jacket in the 
ordinary sense of the word, are yet well jacketed, in effect, by 
the valve chests. I am especially interested in this arrange- 
ment, as I endeavored to secure the adoption of exactly this 
plan many years ago, in engines on the designs of which I was 
then working, and was unable to do so, although well convinced 
that good jacketing and a minimum clearance, in engines of this 
class, would permit the adoption of high ratios of expansion 
With resulting advantage in economy of steam, where, otherwise, 
such ratios would be impracticable. I am glad to see a youth’s 
judgment thus confirmed. Here is another engine of which 
complete thermal analysis would be instructive. 

Mr. Geo. H. Barrus.—In view of the work of the Duty Trial 
Committee, who recommend that the economy of a pumping 
engine be referred to heat units rather than to coal or water 
Consumption, and to a practice which is becoming more general 
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in working out the results of engine tests, I would suggest that 
results of this interesting trial would be more complete if there 
were added to the quantities given in the table, on page 662, the 
number of heat-units consumed by the engine per I. H. P. per 
hour, and the same per minute. I have worked out these quanti- 
g, 

the proper data, and I make the number of thermal units con- 
sumed per I. H. P. per hour 14,038, and the quantity consumed 
per I. H. P. per minute 234. 

Prof. D. S. Jacobus.—In connection with this paper of Mr. 
Henthorn’s, it may be interesting to know the results obtained in 
a test made on a triple-expansion engine by Prof. M. Schroter, 
of the Munich Polytechnic School, in 1889. The results ob- 
tained in those tests, which were made in the most careful 
way, fall directly in line with those given by Mr. Henthorn, 
and thus add another case which may be used to predict the 
probable gain due to the triple-expansion over the compound 
engine. 


ties roughly, using, so far as I can determine from the records, 


The engine was located at an iron works in Augsburg, and 
had the following dimensions: Diameter of cylinder, 11.1, 18.0, 
and 27.6"; stroke of all pistons 39.4". The boiler pressure was 
about 145 pounds per square inch. Total horse-power of engine, 
about 200 revolutions per minute, 70. Five tests of from 5 to 6 
hours’ duration were made, which agreed very well with each 
other, and gave an average ‘of 12.6 Ibs. of steam per hour per horse- 
power, including all the steam condensed in the receivers and 
jackets. The cylinders and receivers were jacketed with steam 
at full boiler pressure. A separator was placed on the steam 
pipe near the engine, and the water drained from it was weighed 
and deducted from the water weighed to the boilers in order to 
obtain the water used by the engine. 

Mr. Wm. Kent.—I see that the paper states that the presence 
of moisture in the steam most seriously affected the economic 
action of the steam with which it was mixed, and amount to 
much more than there credited for water thus found. I think 
there is a chance for a difference of opinion on that point, and I 
would like to call the attention of the writer of that paper to it, 
and ask him to please state if he has proofs of the statement. I 
think possibly Prof. Jacobus can say something about the eifect 
of water in the cylinder. 

_ Prof, Jacobus.—Prof. Denton made special tests bearing 02 
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this point by forcing water into the steam-pipe leading to a 
small horizontal high-speed engine. In this case there was no 
appreciable difference in the rate of steam used per hour per 
horse-power. In other words, on deducting the water in the 
steam from the water used per hour, the remainder was the 
same as the amount of dry steam ordinarily used by the engine. 
The engine on which the experiments were made had a7 x 14 
inch eylinder. It is not proper to assume, with our present 
state of knowledge, that the results obtained on so small an 
engine will apply to Mr. Henthorn’s case. A high ratio of 
expansion will also probably alter the action of the water. 
We hope to be able in a short time to make experiments on 
this point. 

Mr. Henthorn.—In regard to the moisture found, it was con- 
sidered by Mr. Leavitt and myself that it did have a serious 
effect on the economy of the engine—much more than the amount 
of credit which was given to the engine for the quantity of water 
found. It may be, as Mr. Kent states, open to various judgments, 
but we seriously considered the matter and concluded that it 
acted as a handicap to the engine’s performance. 

Mr. I°k Meriam Wheeler—I desire to ask Mr. Henthorn one 
or two questions, but before doing so, I would like to make a 
few remarks about some of the details of this triple-expansion 
engine. For instance, the arrangement of the valves in the 
heads of the cylinders, thereby giving the minimum clearance ; 
also, the high rotative speed, practically 100 revolutions a min- 
ute. The piston travel of 800 feet, of course, is not uncommon, 
but so high a number of revolutions for the Corliss type of valve 
gear is not often found. The question I wished to ask Mr. 
Henthorn was regarding the independent pumping engine 
which operates the air and circulating pumps. I notice that 
the horse-power of this engine was somewhat over 3% of the 
main engine,—in other words, over 16 H.P. Now I want to 
ask if any attempt was made to run this engine slowly and 
yet maintain satisfactory vacuum and temperatures of circu- 
lating and feed water? Three per cent. is rather a high figure 
for any independent engine of that kind. In the best modern 
naval practice, all auxiliary engines of the ship rarely exceed 
27, including the blowing engines, the steering-engines, and all 
steam pumps as well as the independent air and circulat- 
img pumps. Mr. Henthorn remarks in his paper that they 
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expected to get an economy of 12.6 Ibs. weight of steam per 
LH.P., while the test showed approximately 13 lbs. It is plain 
to me that they would have exceeded the high result desired by 
not running the independent engine for the condenser as fast as 
they did. Being interested also in the matter of surface con 


densers, I note with curiosity the arrangement of placing the 
tubes vertically. Now this handicaps the condenser consider- 
ably. My own experience, and that of Mr. Clark in England, 
shows that tubes placed horizontally will do at least 15. 
more work. This is very apparent if you stop to consider 
a moment, for the steam after being condensed blows down 
the tubes and so covers them for nearly their entire length 
with a film of water. Consequently, their capacity for con- 
densing is thus very much reduced. I thought perhaps this 
feature might have something to do with the temperatures of 
the circulating and feed water as shown, and which are some- 
what unusual. For instance, the initial temperature of the cir- 
culating water was 72 , while the discharge was only 86 , there- 
by raising the temperature but 14°. In good marine practice, 
we always expect to get anywhere from 40° to 50” rise, which 
means, of course, very much less circulating water. A suitable 
by-pass valve can always be provided, thus enabling the correct 
regulation of the amount of circulating water, according to thie 
season of the year, without regard to the speed of the air and 
circulating pumping-engine. 

Mr. Henthorn.—In regard to the size of the condensing appa- 
ratus, which required, as the gentleman states, about 3. of the 
whole, I would state that the condensing apparatus as a while 
was designed for an ultimate capacity of about 2,500 H.P., 
which included the engine which was tested and reported upon, 
and for the use of other engines which were to be put into the 
station as necessity required. We have recently added a second 
engine of the same type, of 1,200 H.P., and this also is connected 
to the same condensing apparatus which is in use for the 500 
engine. So that the percentage of power developed ly the 
engine of the condensing apparatus to the whole power would 
be reduced very materially when the station requires from 2,000 
to 2,500 H.P. 

Mr. Whekr.—I might say that I have no doubt you could 
reduce that more than one-half. I have seen an independent 
engine carrying the air and circulating pumps produce 4 ood 
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result, and yet developing only a little less than 1” of the power 
of the main engine. 

My. Henthorn.—Our conditions would bring it a little less than 
1¢ if 2,000 H.P. had been developed in the station, and for 


which our condensing apparatus is ample. 
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CCCCXLI.* 
BLAST FURNACE BLOWING ENGINE. 
BY FREB. W. GORDON, PHILADELPHIA, PA, 


(Member of the Society.) 


Ir is desired to present for comment and criticism a form of 
blast furnace blowing engine whose details are the result of an_ 
effort to design a standard form for such machinery. 

The blowing cylinder is 84 inches in diameter, the steam-cylin- 
der 42 inches in diameter, and the stroke 60 inches. Some years 
ago, blowing engines were ordinarily made with a stroke of 7 
feet, and subsequently were made with a remarkably short stroke. 
It seems that the public demand for things brings about an 
averaging of mechanics’ notions, and for good-sized engines, the 
favorite stroke is now 60 inches. The bed-plate is box form, 


13 feet long, 6 feet 3 inches wide, and 2 feet 3 inches deep, — 
the metal entirely surrounding the rectangular section, except — 
ing the opening for the removal of the cores. The two cross- 
girders, forming the ends of the bed-plate, and the side as” 
far as the bosses for the steam-cylinder, are 14 inches wide. 
Besides the cross and bex girders, there are two ribbed plate cross: 
girders which stiffen the entire frame at a point where the steam- 
cylinder is bolted to the bed-plate. The bottom of the bed-plate 
is flat, to facilitate the bedding and to secure strength in the. 
masonry. There are eight foundation bolts, each 2 inches in the | 
body, with 2) inch threads, passing through this bed-plate, and— 
through the anchor plates which extend entirely across the founda- 
tion. 

The bearing for the main shaft is mace of east iron, babbitted, | 
planed in and scraped upon the bed-plate. The seat of this bear- _ 
ing is well up, leaving the box frame under each bearing to re-_ 
ceive weight of the fly-wheels and the thrust of the steam when | 
they both come together at the bottom centre, 24 inches deep and 


* Presented at the Providence Meeting of the American Society of Mechanical 


Engineers (1891), and forming partof Volume XII. of the Transactivis. : 


| 
| 


A BLAST FURNACE BLOWING ENGINE. 


92, inches wide, having 3} inches metal on top and 2 inches on 
ach side and bottom. 

There are two housings or frames. They are hollow box cast- 
ings of rectangular section. The section of each of the four legs 
is 22} x11 inches at the bottom and 16x11 inches at the top. 
They are bolted directly on top of the bed-plate, and on top of 
them is bolted the lower head of the blowing cylinder, and they 
in turn bolted to the steam-cylinder near the top head, to give 
ample rigidity to the whole structure, while allowance is made for 
the expansion and contraction of the cylinder. 

There are two fly-wheels, each 18 feet in diameter, weighing 15 
tons. They are made in two sections, planed at the joint and on 
one side of the centre flange, after which they are carefully fitted 

and bolted with taper bolts to the crank-plate. The crank-plates 
are then forced upon the shaft and thoroughly keyed to it to re- 
main there. The crank-pin holes are then bored out by using the 
- main shaft to carry the bearings of the boring-bar, whereby accu- 
racy in alignment and distance is secured. This is considered 
highly important in this type of engine, as in crossing the centres, 
the slightest variation in the positions of the crank-pins will 
-stram the whole engine. Rocking cross-heads do not relieve 

_ these strains, though they mitigate them, while with true work 


and oceasional trammelling of the connecting rods, they never 
exist. 


The main shaft is of wrought iron 15 inches in diameter, with 
bearings 24 inches long. The shaft is turned parallel, except a 
very slight reduction where the crank centres are forced on. 
The lower head of the steam-cylinder has four legs strongly 
od ribbed to its whole surface. The bed-plate has four pads or 
bases corresponding to those, and the lower cylinder-head is 
placed upon these and accurately adjusted in position, and is bolted 
to the bed-plate by four 8-inch steel bolts, passing well into the 
bed-plate and keyed to it. Upon this lower head the cylinder is 
bolted in the usual way. The distance between the housings is just 
sufficient to admit the cylinder, and its width, added to the width 
of the two housings, is the width of the bed-plate. In other words, 
the llousings are as close together as they can possibly be to per- 
mit the withdrawal of the steam-cylinder. The length of the 
cross-head and shaft is reduced to a minimum, and the crank-pins 
are brought as close as practicable to the fly-wheels. The crank- 
pins are steel, 7 inches in diameter, and being accurately bored, 
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as above referred to, never heat with ordinary attention. (Figs. 
215 and 216.) 

The steam piston rod is secured to the steam piston by a nut 
on top of the piston head. This requires an enlargement of the 
rod at the lower end, the head to be passed over the red and the 
nut following. The purpose of this is to get at the nut and screw 
it up properly, which is very difficult and is likely to be neglected 
when the nut is on the bottom of the piston, and should this large 
nut get loose” on the bottom, it may quickly run off, while if on 


the top it will work off very slowly and pound before any damage 
is done. The plan is certainly somewhat more expensive, but the 
difference in cost is justifiable. 

The steam and exhaust valves are the ordinary double balanced 
poppet valves. The steam-valves are made in one piece, the 
lower one being made small enough to drop through the seat of 
the upper one. They are 74 and 7 inches in diameter area, ‘9 
square inches or 6% of the area of the cylinder. This want of bal- 
ance is to furnish a water relief through the steam-pipe, as in the 
lifting of an ordinary slide valve. The exhaust-valves have the 
lower valve the larger, which is introduced as a ring, the lower 
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guide stem being cast with the upper valve. The valve and seats ; 
are in all cases made of cast iron, and seat at an angle of 60°. They — 
are ground in with steam on the side pipe. The side pipes are 
each 12 inches in the clear, the exhaust and steam being both 
alike. All the valves are actuated by a single eccentric, illus- 
trated in the accompanying drawing (Fig. 217) and by the dia- 
gram (Fig. 215). 

The exhaust eccentric rod is pivoted to the eccentric, almost 
directly in line from the centre of the shaft to the pin of the rock — 
arm. ‘This position secures practically invariable exhaust, there = 
being no variation in the lead, and the lift and compression vary- ny 
ing but slightly. The steam connection is pivoted to the eecen- 
tric strap, at right angles with its point of suspension, and in this — 
position the most sensitive variations are obtained. By moving © 
the hand-lever shown in the drawing the steam tollow ean be in- 
stantly changed from 3, of the stroke, or 11} inch follow, to § of | 
the stroke or 37) inches follow, or between the expansion of 5 to 1 
and 5 to 3. 


ments to make except when grinding the valves in. That re- 

quired for wear of the main journal is effected by the screw sup-— 

porting the small bracket, the only springs about the entire gear | 

being upon the valves to cause them to close promptly. When 

the packing of the stems is serewed down too tightly, by setting 

this gear to seeure the shortest ¢ut-off while there is still an_ 

excess of speed to the engine over that desired, the governor, as__ 

shown, will control it with very little wire-drawing, and good econ- 

omy will be secured. The drawing (Fig. 217) gives the impres- 

sion that the clearance is large, yet it is but 3.4¢ figured on 

inches between the piston and cylinder heads at dead centre. 
The cross-head is a wrought iron forging, 24 inches deep in — 

the centre, the form being parabolic both above and below. The _ 

steam piston rod passes through the centre and is screwed up 

with a large nut on the top, the piston rod being 6 inches in — 

diameter. The blowing piston rods pass through the bosses 205 

inches deep and 9} inches in diameter. Each of these rods is 

4] inches in diameter, all the rods being steel. A cross-head 

Constructed in this manner requires very accurate boring. The 

three holes must not only be actually parallel, but they must be at 

right angles with the centres of the end pins. This is attained by £ 

the use of a horizontal milling and boring machine of the Niles os 
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Tool Works’ manufacture. The cross-head being set to the ma- 
chine, the three holes are bored without again moving it. We do 
not even depend on the accuracy of the machine in this case, 
as the cross-head is set accurately to the spindle of the machine. 
The shoulders for the piston rods are brought exactly to the centre 
of the cross-head. 

The blast cylinder piston head is operated by two rods, that 
the strain upon a very large head may be better distributed than 
by the use of the central rod, and to effect better connections with 
the cross-head. 

The connecting rods have solid ends, adjusted by keys, the 
brasses being very heavily backed with a wrought iron pad. Each 
slipper is 10 inches wide and 16 inches long, or 320 square inches, 
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Fig, 218. 


to receive the strain. The pads have no provision for setting out. 
as the wear is insignificant, and when it is necessary we propose 
to introduce a liner next the cross-head. This makes a more 
rigid adjustment than any screw arrangement, and has to be done — 
so seldom that the trouble of doing it is not worth consideration. 

The blowing piston head packing ring is brass, set out with 
springs with a long range of elasticity and light pressure. It is 
a single ring in segments accurately fitted together and turned 
‘rue on top and bottom and on the outside. The ring wears w ell 
and keeps tight, and requires no attention until a new ove is” 
needed. The follower bolts are screwed into brass nuts in the— 
web of the spider, as difficulty has been experienced with nuts” 
coming off. 

The valves of the blowing cylinder (Fig. 219) are so dispose de 
that they all fall to their seats by gravity, requiring no springs, and. 
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are readily taken out and replaced in every instance without enter- 
ing the cylinder, and in a moment's time. The construction is 
readily understood from the drawing. The ontlet valves are of steel 
with leather on the back (not on the face). The face of the valve 
is ground in the lathe where it seats, the seat being turned true to 
receive it. The leather is used only to avoid the slamming noise 


Part Section of 
Bottom Head 


“10, 3 square is 7, thick, and but 63 0z., which 
is .04 Ibs. per square inch. The seat and guard are indepen- 
dent of the head, and together form the cage of the valve. Both 
are secured with a long bolt, adjusted from the outside, and 
are gotten at from the hand-hole openings, placed conveniently 
around the outlet chambers. The surface of the cylinder receiv- 
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ing the cages is faced as is the cage where it rests upon the cyl- 

inder. A cage can then be introduced and made secure at once, 

without any jointings of gum or other packing being used. 

The inlet valve is of similar construction, as shown in the large 
drawing, but the valve is made of pure vuleanized rubber as good 
as the market affords; it is $ inch thick and 4) inches in diam- 
eter. The inlet valve never comes in contact with a heated 
atmosphere, and this gum valve (being absolutely tight) does uot 
become heated, and is very durable. 

The outlet valves are made of metal, as they are subjected 
under pressure to a high temperature which soon crisps leather 
and softens gum. 

For quick motioned engines anything in the form of springs 
to close or ease its opening, or anything in the shape of hinges, 
where the wearing surfaces cannot be properly lubricated, is 
thought objectionable. The valve described avoids the use of 
hinges and wearing surfaces and springs. If the valves are heavy, 
or the use of springs is necessary to close them quickly, or if stiff 
hinges are to be overcome, there will exist a serious impediment 
to the flow of the air. The best which can be said of a valve is 
that it is only an interference to the direction of the flow, and 
this would be the case if it were as light as the air itself—lifting 
without resistance. To the inefficiency of the opening (caused by 
its form and the change of direction of the currents, effected by 
the valve), must be added the weight of the valve or its resistance 
_to opening, to get the total difference between the pressure inside 
the cylinder, and the atmosphere for the speed at which the air 
is entering. 

From this reasoning, it is apparent that the more freely the 
valve will open, the nearer it is to the requirements, provided it 
will close with sufficient promptness to prevent a loss by the re- 

turn stroke. We have found that there is no liability to loss in 
this, as the lightest valve prepares to seat itself as the engine 
approaches the centre, and shuts instantly so far as the senses 
an appreciate it, the instant the centre is reached. 

These valves are made as large as it is thought to be advisable 
for great durability, and are made sufficiently numerous to give 
the requisite effective opening with a lift of but °; of an inch. 

_ From the indicator diagram of the blast cylinder (Tig. 220), 
it will be seen that the inlet valves show so little resistance to 

- the in-going air, that the lines on the card are not distinguishably 
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separ ated. This was taken with a 10 pound spring, the pressure 
by gauge bei ing +4 pounds and the spee 1 35 revolutions, the stroke 
of the engine being 4 feet. The outlet valves indicate a slight 
resistance, which cannot be measured, owing to the varying press- 
ure in the outlet main. 

Advocates of mechanically moved valves present three reasons 
for their use, all of which are theoretically very attractive. The 
first is the freedom from slamming and consequently less repairs : 
the second, efficiency of opening and consequently less waste of 
power; and the third, less dead space. 

From what we have said, and by the proof of the indicator 
card, we need not touch upon the two first, as we think the re- 
pairs of these valves are as light as could possibly be expected in 
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Thee 

any ease, and “the efficiency of the opening is all that could be 
wished. The clearance will bear very favorable comparison with 
any class of construction, being but 2,48; per cent. including { 


“T00 
inches clearance between the piston and the. heads, which is 
rather more than is absolutely necessary; but, considering the 


character of the people into whose hands these engines sometimes 
go, we do not like to run them much closer. But leaving out this 
sinch clearance, the actual clearance due to the delivery or 
receiving chamber and valve cages is but 14 per cent. 

The engine is provided with a good substantial platform for 
ready access to every valve. 

The total weight of this engine is 100 tons. It is designed to 
blow 15 pounds pressure per square inch at 40 revolutions per 


minute, delivering 15,000 cubic feet of blast al minute piston 
measurement. 


A BLAS’ FURNACE BLOWING ENGINE. 


Pret « 
DISCUSSION, 


Mr, Wm. Kent.—I think it will be observed that this engine 
belongs to the same type which has been the favorit style 
of American blast furnace blowing engines for the last twenty 
years, and that there is no essential difference between this 
engine and the ordinary blowing engine, except in some 
details in the valve motion and in the proportioning of parts. 
The paper states that the details are the result of an effort to 
design a standard form for such machinery. The attempt, [am 
sorry to say, has not gone beyond the perfection of details of 
the common standard—which is a bad form indeed. The last 
paragraph says that the total weight of this form of engine is 
100 tons. Now, I do not believe that in the whole range of 
steam machinery of any kind there is an engine which weighs 
100 tons which develops as little power as the common bast 
furnace blowing engine. I am not criticising this particular 
engine, but the whole type of which this blowing engine isa 
sample. It is a bad type in that it uses enormous weight of 
engine for the horse-power to be accomplished. It uses a very 
large steam-cylinder. It runs a slow stroke. It has not an 
economical valve motion. It has the type of valve which was 
condemned by the late E. N. Dickerson, in his lecture before the 
Electric Club, as the very worst valve designed since the time 
of James Watt. This type of engine has been developed with- 
out any regard whatever to economy of fuel, and I do not think 
that is creditable to blast furnace engineering of the present day. 
A good blast furnace plant should have not only blast furnaces 
but a rolling mill alongside of it to utilize the surplus waste 
steam of the blast furnace. There is no exeuse to-day for low 
economy of steam in blast furnace plants. During the last 
twenty years there have been marked improvements in air-valves. 
I suppose, that with Mr. Gordon’s experience, these are very 
good air-valves, although I have not examined them. We 
are able now to design air-cylinders which can be run fast, and 
having reached this point it is now time to pay attention to the 


steam economy of the engine. I will have to quote here the 
last paragraph of Mr. Howe’s paper, because, “ thouyl I have 
tried to treat the subject judicially, allowance should be made 
for bias on my part owing to direct pecuniary interest ”— in 4 
better engine. That is, I had the temerity some years ago 
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apply for a patent, and I got a patent on what I think is a better 

type of blowing engine. I used three steam and three air cylin- 
ders, with cranks at 120°. When I was over in England two years 
ago, some one told me that there was just such an engine built at 
Leeds by Sir James Kitson & Co., and I went there to see it, and 
they said to me: “ We have not got quite so far as that yet ; we 
are only using two cylinders.” Now, I hope that some Amer- 
ican builder will go as far and will have the courage to build a 
three-cylinder blowing engine with cranks at 120°; and, for fear 
I may be biassed financially, I will say that I will present to the 
first man that builds it a free license. 

J. F. Holloway.—1I am not now engaged in building blow- 
ing engines, and yet from the experience which I have had in 
that direction, I am not willing to go back on my fellow-mem- 
bers who are still building the American type of blowing 
engines. While at the Centennial, walking down the broad 
aisle of the machinery department one day, a gentleman caught 
me by the arm and said: “ Now I have got you two together, and 
I want to introduce to the long-stroke blower of America the 
short-stroke blower,” and as I turned around I met for the first 
time a gentleman whom we all highly honor, John Fritz, of 
Bethlehem. Isaid to my friend: “ Possibly the right thing, then, 
is half way between these two extremes.” Now, we all remem- 
ber the early blowing engine of: this country had a large eylin- 
der and a long stroke. Indeed, if time would permit I might 
give you a history of some of those engines. Experience has, 
however, shown that the short-stroke blower has produced 
revolution in iron-making in this country. It has produced 
machine which in a small space has given much better results 
than it was possible to obtain by the early machine. There is 
one feature about a blowing engine which we should remember, 


and that is that the leakages of a blowing engine are impercep- 
tible. 


In a slow-moving piston these leakages become a large 
part of the sum total of the capacity of the cylinder. The air is 
frittered out through the valves and joints, and in fact, like the 
wind in the Scripture, ‘it bloweth where it listeth; thou hear- 
est the sound thereof, but canst not tell whence it cometh or 
whither it goeth.” Now, the quick short-stroke blowing engine 
eliminates in part the question of time in which the air piston 
is getting from one end of the evlinder to the other. This to 
a large extent saves a wastage of the air in the evlinder. Now, 
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I fancy that my friend Mr. Kent is not the first gentleman who 
has made the mistake of not understanding fully the business 
he is now criticising. (Laughter.) And I want to defend my 
brethren who are still in the business by saying that the pump- 
I know of no other 
You 
are called upon to pump a large volume of air under a very consid- 
erable pressure, and in order to do that you must have a pretty 
large steam-cylinder ; and when youare at the beginning of your 


ing of air is a very peculiar business. 
machine which is subject to just such trying conditions. 


stroke, with your immense steam-power in your steam-cylinder, 
you have no resistance whatever on your air-piston ; but when 
the steam-piston shall have travelled some portion of its stroke 
the resistance begins to accumulate, and when your steam has 
expanded itself down to its lowest pressure, it has then the 
most work to do. That is the reason why there is so much iron 
put into a blowing engine. The power has got to be trans- 
mitted, in the first place, to the fly-wheels. They then store up 
the power, for which there is no use at that time, and after- 
ward give it out when the steam pressure is diminished and 
the air resistance is the greatest. The want of economy is a 
matter which gentlemen who have given much attention to high- 
speed engines, small clearances, and great expansion, uo doubt 
deem very unfortunate, and, as compared with the engines with 
which we are familiar and of the class some of which we saw 
yesterday, it is a wasteful engine in the way of using steam ; but 
it is a matter of necessity that steam should be used as it now 
is, and I do not know whether there is any patent which will come 
out hereafter which can make the possibility of cutting our 
steam short in a single-cylinder blowing engine when, as I say, 
there is no resistance against it at the beginning of its stroke, 
and when its greatest resistance is at its termination. 

Mr. Daniel Ashworth—This paper is specially interesting to 
me. Mr. Holloway has touched upon the vital points about 
which I intended to speak in regard to the peculiarities of 4 
blowing engine. During the last two years I have been engaged 
in following this special subject. There is one question | would 
like to ask Mr. Gordon. In the paper he mentions the fact that 
the valve motion is such that it maintains a constant lead. In 
the Carnegie system, and in the blowing engines about Pitts 
burg, it is the general practice to dispense with the lead in this 
special line of engine, and the compression is kept down t 4 


A BLAST FURNACE BLOWING ENGINE. 687 


minimum, for the reason that we rec2ive the compressive action 
and the resistance in the air-cylinder. The matter was brought 
forcibly to my mind during a test made in one of our large 
steel works, in which the diagram showed an inordinate amount 
of compression, and in my report I admonished them to have the 
valves so changed or adjusted, as quickly as possible, that this 
compression should be reduced to its minimum, to prevent a 
break-down, which I predicted would have disastrous results. 
The multitude of duties upon me, taking me from the city very 
often, was such that in the course of time it was lost sight of by 
myself, but I was called upon again by the same concern on 
other matters connected with blowing engines, and they informed 
me that in this interim of time they had received a very import- 
aut lesson from the report that I had previously made to them ; 
namely, that this identical engine had broken its cross-head and 
sheared off its crank-pin by reason of this evil. I am now in the 
midst of a series of tests in blowing engines, and I trust at some 
future time I may be able to present a paper before this Society 
covering this special field. In looking over this paper I recognize 
some points about this engine which had passed from my memory, 
but to-day in this field we are looking for more positive action 
in our air-cylinders. You give way to this enormous resist- 
ance, and the troubles which we have with valves adhering to 
their surfaces, or becoming detached. 

Within a day or two before leaving my city, we started at the 
Edgar Thomson Steel Works a new type of blowing engine, built 
by the Southwark Company, at Philadelphia. It is of a type of 
positive action in the air-eylinder governed automatically by the 
pressure of the air in the receiver, and it promises to give entire 
satisfaction. I firmly believe that we are on ‘the threshold of 
important steps in this matter, and I am glad that a paper of 
this kind has been presented; but I wish again to ask the 
amount of lead, and also compression, in Mr. Gordon’s blowing 
engine practice. 


Mr. Fred. M. Wheeler—I was hoping that Mr. Kent would 


bring up some practical points in regard to this special service. 
I was also disappointed that Mr. Holloway should consider blow- 
ing engine matters so seriously, and that they required such re- 
markable handling. I think, on the contrary, that it is a very sim- 
ple service, comparatively speaking, because the pressures to deal 
with are very low. In the compressing of air and gases, especially 
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under higher pressures, there have been very great advances 
made in the past few years; for instance, in securing an earlier 
cut-off in the steam-cylinder and consequent better steam econ. 
omy. In some air-compressing engines they secure this by 
arranging the steam and air cylinders at different angles. In 
the DelaVergne machine, the engine cylinder is placed at right 
angles to the air-cylinder, so that when its piston is giving out 
its greatest power it is then meeting with the greatest load on 
the air-piston. There is no reason why another and entirely 
different mechanical arrangement than that shown should not be 
adopted for blowing engines if we are to gain in economy of steam. 
I also do not understand why the writer of this paper did not 
consider the matter of minimum clearances in air-cylinders, 
because that is quite an item. Lalso notice that this engine 
made but 35 revolutions a minute, which is only about 350 feet 
of piston travel. I have seen blowing engines (with the design 
of which I had something to do) making as high as 200 revo- 
lutions per minute; while at 100 revolutions a minute they 
worked with greatest ease and entire satisfaction ; I therefore 
do not see why an engine of the calibre to which this paper refers 
~ cannot be run at 100 revolutions. 

Mr. Holloway.— Speaking with regard to the very high speed 
of blowing engines, as recommended by the last speaker, I want 
to say that there was at the Centennial a blowing engine whose 
highest recommendation was that it ran at an enormous speed, 
which was true; but it didn’t blow, as the air could not get 
through its valves in time to fill the air-cylinder. 

Mr. Henry M. Howe.—I would like to ask those who are pres- 
ent who are steam engineers whether the fact brought out 
by Mr. Holloway, that the air offers no resistance at the begin- 
ning of the stroke, is not the strongest possible argument for 
using a compound engine rather than a simple engine ? 

Mr. [olloway.—Yes, sir. 

Mr. Howe.—1I believe compound engines are not used very 
much for blowing engines in this country, but I know that they 

are used in England with very great success. 

Mr. James McBride.—If I understand this matter, the steam 


for those engines is generated from waste gases. This being 80, 
the attempt to make the engines highly economical in the use 
of steam reminds me of a friend of mine who had a large plan- 
ing mill, using the shavings for fuel. He was induced to pul 
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a very economical boiler and engine, and has since been employ- 
ing a horse and wagon, and two men at a dollar and a half each, 
to cart away his shavings to the meadows and burn them. 

Mr. John F. Wileox.—In regard to what has been said by Mr. 
Kent, that if anybody would put in a triple cylinder compound 
blowing engine he would make them a present of a license 
under his patent, I would say we now have in process of 
erection such an engine for the use of the West Superior Iron 
and Steel Co., designed by our fellow-member, Mr. W. F’. Mattes, 
general manager of that company, and I accept Mr. Kent's 
offer. Iam glad he made it before the meeting, because I have 
ample witnesses to the fact of offer, and that I now take it up. 

Mr. F. W. Gordon.*—I will say to Mr. Kent that we have no 
desire to make any essential changes for the sake of change alone. 
Where a design of engine has stood the test of severe use, we 
will not depart from it without very thorough reasons. I 
believe this American type of blast furnace blowing engine to 
be the best which has ever been made for the purpose, and any 
departure from it would be a mistake. Many endeavors have 
been made by eminent engineers radically to change this blowing 
engine, but these very makers have returned to this general style 
of engines. The public use of a thing for a series of years, to 
the exclusion of all other forms, is certainly a very high com- 
mendation ; not that it proves ‘that it is theoretically correct, 
but that it is commercially correct ; and this reasoning may be 
applied to the form of steam and exhaust valves which is here 
employed, and may be a direct contradiction to the views of Mr. 
E. N. Dickerson, for had these valves been the worst design 
since the time of Watt, the public would have discarded them 
long ago, or else we must consider the public an egregious set 
of fools. For my part I have great faith in the popular decis- 
ion in such matters. My own experience with poppet valves 
has heen exceptionably favorable. I designed and constructed 
the steam engines for the steamer Natchez in 1869, wherein were 
placed double poppet valves exactly the same as shown in this 
drawing. After ten years’ use, working a steam pressure of 140 
Ibs. per square inch, these engines were taken out and placed 
upon a new steamboat, the valves never having been ground in 
during the entire time, the best proof of their excellence. As 
far 4s my experience goes, a double poppet valve, with a 60° 
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angle and seating perpendicularly, will keep interminably tight. 
A flatter seat than this has a tendency to wear from side to side, 
and will not centre itself with sufficient certainty to maintain a 
tight joint. 

The remarks of Mr. Holloway go far to answer Mr. Kent's 
objection to the great weight of the engine. Lighter forms of 
engines are condemned by the users, for they fully well know 


that they are apt to give way. Note in Mr. Ashworth’s remarks 


the instance where the engine gave way, shearing the crank-pins 
and breaking the cross-head. I do not know the design of this 
engine, but assume that the Edgar Thomson Steel Works would 
buy eminently suitable and especially massive machinery. That 


by the derangement of the lead of the valves such enormous 
‘strains might be brought upon the engine, is a decided proof 
of the necessity of excessive weight in this class of machinery. 

As Mr. Holloway justly remarks, it is subject to much more 

severe strains than ordinary motive-power engines. 

Mr. Kent refers to the speed of the engine, which is 4° reyo- 
_luGons per minute, or 400 feet of piston speed. It may surprise 
him to know that this is an excessively high speed for a blast 
furnace blowing engine, as perhaps there is not one in a hun- 
dred which is doing this work. 

_ Mr. Wheeler states that he did not see why an engine of 
the calibre to which this paper refers cannot be run at 100 revo- 
lutions. I would say that there is nothing in the world to pre- 

~ vent the engine from running at 100 revolutions per minute, 
except that the air valves are not sufficiently numerous. If it 

_was designed for that speed, the steam and air valves would have 
to be proportionately increased, but it is not thought desirable 

for the small amount of steam and the slight saving in thie total 
cost of the blast furnace to run the engine at such a speed, and 
depend upon that engine for making pig iron for 365 «lays and 
nights in the year. The blast furnace blowing engine is nota 
transatlantic steam-engine which runs a week and has a week for 
repairs. Neither have you the Saturday afternoons and Sundays 
of the factory to look into the details and keep the machinery 
in perfect order. The engine must go every day and every night, 
Sundays included. Sometimes it does its hardest work when Its 
stoppage would be death to the furnace while out of repair. 

It no doubt appears to all steam engineers, who haye not had 

4 experience with blast furnaces as well as blast furnace blowmg 
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engines, that it is a simple proposition to make blowing engines 
for blast furnaces which would be economical in their steam con- 
sumption and approach modern steam practice in every respect. 
Our firm construct engines with Corliss steam valves, the speed 
being controlled by the governor regulating the cut-off. This 
would be a little more economical than this engine, but very little 
more so, as it would be necessary to wire-draw the steam on a 
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great many occasions, or else to regulate the whole steam pressure 
of the plant. Ordinarily a blast pressure of 6 or 7 lbs. is suffi- 
cient. Occasionally 15 lbs. are a necessity. To meet these occa- 
sions where the cost of the engine would be lost in a very short 
time if the furnace would chill, the proportion of the steam-cyl- 
inder has to be abnormally large in proportion to the blast-cylin- 
der, and on these very occasions the fuel, which is the waste gases 
from the furnace, is likely to entirely fail us, and steam at that 
time has to be raised with prodigious effort by firing under diffi- 
culties. It is then that the engine should be the most econom- 
ical in its steam consumption, as at other times a greater power 
would be obtained from the gases than is required for the work, 

If the steam is permitted to follow one-quarter of the stroke 
of this engine, by adding the clearance, the ratio of expansion 
will be three and sixty-five one-hundredths, and with steam at 
75 lbs. above the atmosphere at the point of cut-off, we will 
have a mean effective pressure*of about 40 lbs. per square inch, 
which, less friction, would be equal to 10 lbs. mean effective force 
upon the piston of the blowing cylinder. A higher pressure 
than this is frequently required, and then either a higher steam 
pressure or a longer follow must be substituted. Blast furnace 
proprietors are averse to very high steam pressures, and it is 
very seldom that 100 Ibs. is used. Eighty is considered high, and 
60 is a very common pressure to work at. It will be seen, then, 
that instead of the steam-cylinder being too large for the air- 
eylinder, it is too small to get the best economy by cutting off 
the steam when the most difficult emergencies require the b st 
economy. 


Mr. Wheeler seems to consider that the blowing of air is a very 
simple service. In this I would agree with him, if the service 
was coustant, but to build an engine which will blow from 5 to 15 
Ibs. pressure per square inch, and do it efficiently, is perhaps as 
difficult a problem as was ever presented to engineers. I do not 
think the question of compounding engines comes within the | 
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scope of this paper. This is a single-cylinder high-pressure 
engine, and will ordinarily give the best economy with about 
one-quarter follow under its ordinarily heaviest duty, and by 
the medium of the variable cut-off gear can be arranged to vive 
the best efficiency practicable under the range of duty required. 


Compound engines may sooner or later be introduced into blast 
furnace practice. At present they are not in favor. So far as my 
experience goes with blast furnaces, I would be adverse to any- 


thing which would complicate in the least the blast furnace blow- 
ing engine. The economy of fuel within the furnace, the abso- 
lute command of the furnace, the reliance to be placed upon the 
engine, made simple and massive, will redound to the profit of 
the iron-master much more than the saving of the steam by the 
most efficient engin-. 

Answering Mr. Ashworth’s question: The valves of this engine 
are set without lead—that is, at the dead-centre ; the steam-valves 
are just about to leave their seat, and as the gear gives a very 
rapid movement to the valves, they soon have a free opening for 
the admission of the steam, giving practically boiler pressure at 
the commencement of the stroke. The exhaust-valves are set to 
close when the piston is within two inches of the end of the 
stroke, causing very little compression indeed, and thus meet- 
ing the very objections which he found to the engine he 
describes. It is ordinarily true that the blowing engine has 
sufficient compression in its blowing cylinder to do away with all 
compression in the steam-cylinder. The American ty; e of blow- 
ing engine is more suitable to take advantage of this than any 
coupled engine with beams or cranks transmitting the energy 
through joints. The compression of the blowing cylinder is here 
transmitted directly to the whole mechanism by the piston rods, 
without joiuts, except those of the connecting rods. 

What I referred to in the paper was, that the valve gear gave 
an invariable lead and exhaust, and this is more important in the 
case of a blowing engine, where lead is so objectionable, than 
where it may be used to considerable extent without injury to 
the machine. When this engine is placed upon the dead-centre, 
the whole range of expansion may be passed through by tlie 
movement of the lever without the slightest movement of tlie 
steam-valves being observed. 

I have referred to the positive-acting valves that Mr. Ash- 
worth describes, and gave as my reason for their use that here- 
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tofore air-valves of blowing engines working automatically have 
been made excessively heavy, even with guide stems top and 
bottom, or a large flat leather valve with leather hinge, and that 
had a movement in opening of 3 or 4 inches sometimes. The 
difficulties with these types of construction have led to a desire 
for positive-moving valves with their necessary complicated 
mechanism and sliding surfaces. 

The valves we employ are automatic, very light, and lift a 
moderate distance. The action is so quick that no slip of the 
air or loss is to be seen in the diagrams or by observation of the 
engine itself. We have operated these engines as high as 85 


revolutions per minute, and found no objection in the operation 
of these valves; and, were they doubled in number, we would not 
> 


hesitate to guarantee these engines to do efficient and satisfac- 
tory work at 100 revolutions per minute. But, as said before, we 
would not advise the iron-master to rely upon one of these 
engines to do the work of which this engine is capable at 100 
revolutions per minute. 
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BY 8s. P. WATT, CINCINNATI, OHIO. 


(Junior Member of the Society.) 


THe dynamometer here presented (Fig. 221) consists of a set 


Ceiling 


The pulleys A and @ are fixed to the shaft @; 2 and DP are 
fixed to the shaft 4. The pulleys / and F revolve freely, as in- 
dependent loose pulleys on the shaft 7. The shaft g has a second 
shaft fixed to it midway between the pulleys and Shaft / 
constitutes a pivoting axis, parallel to the shafts a and /, for the 
shaft 7, together with the frame X and the weight lever Z, all rigidly 
connected. Only enough motion of Z is allowed to determine the 
direction of action. Instead of the weight on the lever /, the 


* Presented at the Providence meeting (1891) of the American Society of 
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end of the lever could be connected to a small platform scale and 
its tendency to rotate weighed. It might be useful to make the 
frame between the pulleys adjustable at 7 and « in order to vary 
the tension of the dynagometer belt, or better still it might be so” 
constructed that the absolute tension could be noted at any time 
whether working or at rest. The working of the apparatus is as 
follows: a driving belt from the source of power is put on the 
pulley 4. The machine to be driven is belted from the pulley 2. 
The dynamometer belt passes from the lower side of the pulley 
C to the pulley /’, around F to D, around D to F£, around / back 
to (. It will be seen that Cis a driving pulley and Ya driven 
pulley. When the system is at rest the four strands of the dyna- 
mometer belt have the same tension. If now C revolve and drive 
D, the tension 7’; of the belt from C around the loose pulley £ to 
D, will correspond to the tension of the taut side in a simple sys- 
tem of two pulleys, and the tension 7’, of the belt from the lower 
side of )) around J back to the lower side of C will correspond 
to the slack side. 


The difference of tension is the driving pressure /’, and taking 
what actually occurs we have 


97  9o7 
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Now P —e multiplied by the speed of the belt is foot 
pounds developed or consumed, ignoring friction. Let 7 be the 
radius of the position of pulleys, /’ and /’ from the pivot 7 Let / 
be the distance of the weight W from (7, to balance the tendency 


of the frame K to rotate about fwhen working, then = 


It is evident that should a Prony brake be put in place of the 
pulley B the power de veloped by the motor to A could be de- 
termined. Ifa machine be driven from the pulley B, the power 
consumed could also be noted in the speed of belt and the position 
of the weight from the same formula. In the use of different belts as 
dynamometer belts, the relative efficiency of such belts can readily 
be determined by the use of the brake attachment. It will also 
be seen that but one side of the belt comes in contact with the 


pulleys, 
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ON THE EXACT SUBDIVISION OF AN INDEX-WHEEL 
INTO ANY REQUIRED NUMBER OF EQUAL PARTS. 


BY W. A. ROGERS, WATERVILLE, ME. 


(Member of the Society.) 


Tue writer had occasion, a few months ago, to subdivide into 
one thousand equal parts the index-wheel of the screw-cutting 
engine (Fig. 227) of the paper on a perfect screw-cutting 
machine. The diameter of the wheel is four feet. 

At first, an attempt was made to produce an exact reproduc- 
tion of a graduated disk having one thousand subdivisions, pur- 
chased of a maker of considerable reputation ; but an investigation 
of a provisional transfer indicated the existence of very large 
errors of a systematic character. While the relative errors of 
adjacent subdivisions were very small, the cumulative errors 
were very large. At one point in the revolution, the lines were 
even thrown out of the field of the microscope. This method 
of transfer was therefore abandoned. 

The method which will now be described was found to be 
easy of application and entirely adequate. First, a narrow strip 
of firm paper was wrapped around the disk, and its length was 
made equal to the circumference. By three foldings it was then 
divided into four equal parts. Each of the four parts was then 
further subdivided into twenty-five equal parts by the aid of an 
auxiliary paper scale, 

The paper band was then fastened firmly to the periphery of 
the wheel, and the divisions were transferred to the disk by 
means of a small try-square and a sharp cutting tool. 

It was found by examination that while the errors of the indi- 
vidual graduations were in some cases quite large, the cumula- 
tive errors did not much exceed the accidental errors of sub- 
division. 

The next step consisted in the investigation of the errors of 


* Presented at the Providence meeting (1891) of the American Society of 
Mechanical Engineers, and forming part of Volume XII, of the Transactions 


| 


oa | 0 6 10 


ON THE EXACT SUBDIVISION OF AN INDEX-WHEEL. 697 


the one hundred subdivisions thus produced. Two microscopes, 
fitted with filar micrometers, were set at a distance apart 
approximately equal to one-tenth part of a revolution. The 
fixed line of the micrometer of the lower microscope was set in 


succession upon each subdivision into ten equal parts, and the 
reading of the micrometer of the upper microscope was taken 
for coincidence with the lines under this microscope. The 
microscopes were then set at a distance apart equal to one- 
hundreth of a revolution, and similar measures were made for 
each group of ten subdivisions. The method of reducing the 
observations will appear from the following example. The first 
column contains the readings of the upper micrometer, after 
coincidence had been made with the tenth line preceding under 
the lower microscope. The second column contains the correc- 
tions required to reduce the readings for each line to the mean 
of the ten readings. These relative corrections are referred to 


‘ 


Fig. 222. 


the initial line of the series by successive additions, as shown in 
the third column. 

The summed series is indicated by =, the usual sign for sum- 
mation. For example, the space between lines 0 and line 60 is 
48.1 divisions of the micrometer, greater than ,‘, of the entire 
circumference. 

In the present case the value of one division of the micrometer 
was found to be eight-millionths of an inch, but the reduction 
to absolute units of length is not required. 

The second table contains a similar investigation of the cor- 
rections for each line of the groups 0..10, 10..20, 20. .30, ete. 

In order to economize in space, only the data of the first four 
are given. 

The results given in Tables I. and IL. are combined in Table 
Ill. The first column contains the corrections for each tenth 
of arevolution, distributed proportionately over each hundredth 
part of a revolution. This process is not strictly correct. In 
order to reduce the magnitude of the error thus introduced, it 
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will generally be found necessary to make two and sometimes 
three repetitions of the investigation with new sets of graduations 
obtained by applying the corrections already obtained to the 
micrometer reading of each of the lines of the first set of 
graduations. It is my custom to trace the graduations on oppo- 
site edges of the periphery, so that when a second set is made 
the first may be polished out. 

If the accidental errors of the provisional graduations are 
large, this method of reduction will introduce rather large sys. 
tematic errors, which will nearly or quite disappear in the sec ond 
approximation. In the present case three approximations 
reduced the errors of the subdivision to a minimum value of 
about 0.0003 inch. It may be added that the time required for 
each series of measures was about two hours. 

The subdivision of each of the 100 subdivisions into 10 equal 
parts was accomplished by means of an arrangement shown in 
Fig. 999. 

A strip of band saw steel was prepared with a bevelled edge, 
upon which were traced two lines whose distance apart was by 
successive trials made exactly equal to each of the subdivisions 
ruled upon the index-wheel. This space was then subdivided 
into 10 exactly equal parts, thus obviating the necessity of 
applying any corrections. 

The process of ruling the lines consisted in bringing each of 
the 100 lines into coincidence with the micrometer ‘of the fixed 
microscope, and each line of the auxiliary scale in coincidence 
with the micrometer of a second microscope, the scale being 
moved forward into coincidence with a new subdivision as fast 
as each one-hundreth division was ruled. The time required to 
make the entire subdivision into 1,000 equal parts was three 


hours and forty minutes. oer 
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NEW BELT TESTING MACHINE, 


BY GEO. I. ALDEN, WORCESTER, MASS. 


(Member of the Society.) 


A MACHINE for testing belts should meet the following require- 
ments: It should give accurately the sum of the belt tensions; 
Le the power transmitted, from which the difference of tensions can 


be readily found ; the number of revolutions of the driving pulley; 
the number of revolutions of the driven pulley and the number of 
runs of the belt during the trial, and also during any interval 
of the trial. 

It should be capable of adjustment to a constant load and 
to any load within the capacity of the belt it is proposed to test; 
to a change of load without changing the sum of the tensions; to 
any constant load with the sum of the tensions varied. It should 
give the are wrapped by the belt on the driving and driven pulley 
and should record automatically the revolutions of the driving 
and driven pulleys and the runs of the belt. 

The object of this paper is to describe a belt testing machine, 
designed for the Engineering Laboratory of the Worcester Poly- 
technic Institute, and built at the Washburn shops. Much of the 
design is the work of Mr. Wm. W. Bird, formerly an instructor in 
the Institute. 

The peculiar features of the machine are: 

First. The attachment to the driven pulley of an automatic 
absorption brake, made on the principle of the dynamometer. 
described on page 958, Vol. XI., of the Transactions of the 
Society. 

Second. The method of supporting the driven pulley, by which 
the weight of the pulley is taken by the tensions of the elt. 

Third. The recording apparatus. 

The construction of the absorption brake and its attacliment © 
the driven pulley is shown in | Figs. 223 and 224. Fig. 2231 


* Presented at the sidilanas meeting of the American Society of Mechasit® 
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a part sectional plan and Fig. 224 an elevation. The pulley A 
turns freely on the shaft B. The hub of this pulley is turned 
down at a, and a cast iron piece C is bored out, fitted upon the 
hub, and bolted to the web of the pulley, as shown at cc. This 
east iron piece has its face /’ finished smooth. Another cast 
iron piece D carries a copper disk d, which makes water-tight 
joints with the piece D by means of driven wrought-iron rings, 
RR. Between the copper disk d and the cast iron piece D is a 
space SS, to which city water is admitted through a pipe not 
shown in the drawing. 

The forked arms FF are bolted to the piece ) and carry pro- 
jections ee, from which, by means of knife edges and rods, are 
suspended the pans /’/, which receive the weights used to balance 


Fig. 223. | 


the joad, this load being the friction between the copper disks d 
and the piece 2. The pressure wiich causes this friction is pro- 
duced and regulated by the admission of city water to the space S. 
The rubbing surfaces / are lubricated by the admission of oil 
to the cavity K, the oil being carried slowly over the surfaces from 
the centre to the cireumference by centrifugal force, making the 
lubrication perfect. The heat generated is carried off by allowing 
the water, which presses the copper disk against the surface of 
the revolving piece C, to cireulate freely to the brake. 

The pulley and its connected parts are supported by the belt, 
and in order to keep the axle of the pulley horizontal, a balancing 
frame @ is provided. This frame is hung in adjustable bearings 
J, and its weight is so distributed that its centre of gravity is on 
the axis of the bearings. Pins p, with conical ends, engage with 
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the ends of the shaft on which the pulley revolves, in the manner 
shown in Fig. 223, so that while the balancing frame does not 
affect the weight which comes on the belt, it prevents oscillation 
of the pulley axle, and at the same time allows the pulley to adjust 
itself to the stretch of the belt. 

Fig. 225 is an elevation of the machine in which M is the driy- 
ing and B the driven pulley. The speed of the driver may be 
varied in any usual way. S is a shaft which receives a slow 
positive rotary motion from the shaft of the driver by means of a — 
worm 7’ and a train of gearing. ——. 


Fig. 224. 


The shaft S carries a wheel W, having at uniform distances 0D 
its face sharp points, by means of which the revolution of the 
wheel gives a positive motion to a strip of paper, which is thus 

transferred from the spool Z to another spool just behind L 
_ (Fig. 225), the paper being kept at a constant tension |yy means 
of small weights, which, acting upon cords wound around the spool 
axles, actuate the spools. The sharp points in the face of the 
wheel W leave prick marks upon the paper, the distance between 

- two consecutive marks representing 50 revolutions of the driver. 
Upon one element of the face of the wheel W is a pair of points 
which serve to mark on the paper a length equal to the circum 
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ference of the wheel W, this length representing 600 revolutions 
_ of the driver. 

_ A pencil P carried by an arm / and pressed by a spring against 
the paper, as it moves with the face of the wheel W, records a 
line on the paper. As often as a certain point in the belt passes 
a given fixed point, the pencil is actuated by an electro-magnet, 
and records a notch in the line upon the paper. 

The number of revolutions of the driven pulley 2 are recorded 

in a similar manner, except that as the driven pulley revolves on 
its axle, rotary motion is communicated to the shaft 7’ by a cam ¢ 
in the rim of the driven pulley, which cam operates a ¢ slick which 
engages with a toothed wheel 4 upon the shaft 7. 

The machine is operated as follows : 

The belt being adjusted upon the pulley, weights are placed in 
the pans, which, together with the weight of the machine, cousti- 

tute the sum of the belt tensions. 

These weights are so distributed in the two pans as to give the 
desired load. 

Power is applied to the shaft of the driver and the machine 
attains its normal speed. 

The city water is then admitted to the brake in the driven 
pulley y, and is so regulated either by an automatic valve or by an 

attendant as to cause the friction of the brake to balance the 
weights in the pans. 

The experimenter, standing near the recording apparatus, holds 
his watch and, at the instant he desires to begin the test, turns a 
switch and notes the time. During the test a button may be 
_ pressed at regular intervals, and a mark recorded. These marks 

divide the whole record into any desired number of sub-records, 
each complete in itself, but representing a shorter run. 

The object of making these sub-records is to ascertain whether 
_ the total slip for the trial is uniform or intermittent. 

The test is closed by throwing out the switch and noting the 
time. The two records are then examined and the data obtained 
may be written upon the ends of the ribbons, which are coiled and 
filed away for future reference. 

In summarizing the advantages of the machine it may be noted— 

First. That it requires no calibration except the weighing and 
_ measuring of the parts. 

_ Second. It has no errors except such as are due to imperfect 
construction, and these may be reduced to any desired minimum. 
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Third. It does not require during the trial, observations in 
which the errors or the personal equation of the experimenter are 
included. 

Fourth. The axis of the driver being virtually above that of the 
driven pulley, the are wrapped by the belt, on each pulley, can 
be accurately determined. 

Fitth. It furnishes a complete and accurate record of the 
pulley revolutions and belt runs, from which the slip of the belt 
on each pulley may be computed. 

Sith. Ithas but few parts, and is operated with ease and con- 
venience. 

The discussion of the results obtained by experiments with 
the machine is reserved until more abundant data have been 
obtained. > we 

DP rof. R. C. Carpenter.—It may be a mi atter of interest to know ; 
that eae the courtesy of the Messrs. Wm. Sellers & Co., of — 
Philadelphia, Sibley College of Cornell University was made 
the custodian of such parts of the transmission dynamometer 
that was used by Mr. Wilfred Lewis in the tests of belting and 1 
gearing, deseribed in Vol. VIL. of the 7ransuctions, as were in 
existence at the opening of the year. The remainder of as 
machine has been rebuilt, very much the same as in the original 
form, the changes mainly being suggested by Mr. Lewis, 
although the details of brake and the slip recording device are 
essentially different from the form used by Mr. Lewis. This 
machine, it strikes me, is somewhat more complete than the one 
described by Prof. Alden, inasmuch as it prevides a method of 
measuring the internal resistance of the machine and the loss of 
work due to stiffness of the belt, since the power received 
and delivered are both measured, 


ing any errors due to computation. The transmission romeo 
meter is deseribed in full in Vol. VII . 

500 is seen to be a form of a pillow block dynamometer, 
arranged so that the friction of its own bearings does not affect — 
the determinations. The form of the machine used by Mr. 
Lewis is shown on page 551, Vol. VIL, with weighing scales for 
the various data required in position. 


| 

— 


A NEW BELT TESTING MACHINE. 


The modified machine is shown in the drawing (Fig. 311) with- 
out the weighing scales in position. From this drawing it is seen 
that the power received at P is transmitted through the dyna- 
mometer D, the force being weighed by a pair of scales placed 
at A, and the number of revolutions obtained by a continuous 
counter attached to the shaft (not shown in the drawing) aud a 
stop watch. The belt to be tested is put on the pullies / and 
F, and can be subjected to any strain required by tightening 
the nut on the rod N, by which means the whole after part of 
the machine is moved forward or backward on guides. The 
amount of this pull on the belt is read directly by a pair of 
scales placed at C, the scale reading being to this pull as the 
horizontal arm XK is to the vertical arm A. The absorption 
dynamometer @ is a Prony brake, of form designed by Prof. 
Sweet, and much used in the Sibley laboratory. The power 
transmitted is measured by a platform scale placed under the 
arm at £2. The brake wheel has an internal flange, which is 
filled with water by a pipe in the form of a crane’s neck, and is 
removed from the opposite side by a similar device. Such a 
brake has been found to work very smoothly. 

The device for measuring the slip consists of a shaft /./ 
actuated by a worm gear, and carrying a graduated disk S 
rotated by the shaft on the pulley 7’. At the other end of this 
shaft /J, and near the disk S, is the wheel L, exactly equal to 
the gearing at /, but free to move on the shaft 4/7. To the hub of 
the wheel Z, a vernier may be clamped by the screw 7’, at any 
desired position. As the motion of the shaft J/ is slow, no 
trouble whatever has been experienced in reading the vernier 
when the machine was in motion ; the amount of slip is shown 
by the variation of the vernier from its original position, the 
graduations being arranged to give the per cent. of slip directly. 

From these various measurements can be obtained the sum of 
the tensions, difference of tensions, per cent. and amount of slip, 
and are of contact ; and, finally, by computation, the coefficient 
of friction, by methods explained in full in the paper by Mr. 
Lewis.* 

The machine described by Prof. Alden is, it seems to me, 4 
very valuable adjunct to any laboratory, and is especially to be 


* Transactions American Society Mechanical Engineers, Vol. VII., page 550. 
Friction and Lubrication. By Thurston. New York: Wiley & Sons. 
Machinery and Mill Work: RANKINE, 
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commended for its principal features, the automatic recording 
device and the absorption dynamometer. 

This dynamometer, or, as termed here, the Alden brake, 
has been in almost constant use in the Laboratory of Sibley 
College the past year, and we have found it automatic in its 
action, cleanly, and so delicate as to be almost an instrument of 
precision.™ 

Mr. Wm. Kent.—I think the best part of this paper is the last 
paragraph : “The discussion of the results obtained by experi- 
ments with the machine is reserved until more abundant data 
have been obtained.” When they have been obtained there 
will be something to discuss. There is no use in attempting to 
criticise the machine. It is probably all right. While the 
other paper on belts is not under discussion, I hope the author 
of it will soon give us some results of that dynamometer. I am 
especially interested in the result of dynamometers just now, for 
the reason that I have been engaged in a law suit in which it 
has been sworn to by a former member of this society—and I 
am glad to say he is not now a member of it—that dynamo- 
meters and Prony brakes are of no use, and that the proper way 
to measure the horse power was to measure the belt. I hope 
no other member will ever get on the witness stand and say 
such a thing as that. So, that for this reason, I am very 
anxious to get on record actual records of belt dynamometers. 
We have had discussions of this matter in the society before, 
and the chief thing we had to bring in opposition to this expert 
(in addition to our dynamometer tests) was to show that those 
whom we recognized as experts on belts, and who have read 
papers before this society on the subject of belts, were unable 
themselves to judge of the horse power of the belt without an 
actual test. 

The particular belt in question was said by him to transmit 
21 H P., as he knew from his experience and observation that he 
coud estimate within 10¢ of the truth. After we had shown 
that that man had made a mistake in measuring the driving 
pulley, saying it was 35 instead of 30 inches, the other side 
brought another so-called expert, who, from his knowledge and 
experience, testified that that belt was transmitting 18 H.P., 
and he knew he was right, because his estimates never varied 


*Transactious of the American Society Mechanical Engineers, Vol, XI., page 
959), 
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from actual tests more than ten per cent. The next day after 
his testimony we put a Prony brake on the driven pulley, and we 
found that that belt could not transmit over 7H P. Two years 
before it had been tested and found to be transmitting 7} H.P. 
So that the difference between testing by a Prony brake and 
guessing runs all the way from 7 to 21 H.P. 

Prof. G. I. Alden.*—I appreciate Mr. Kent’s remarks, and in 
reply will say, that when I commenced the preparation of the 
paper, [ hoped to have enough results to present in connection 
with the description of the machine. 

I am glad Prof. Carpenter has referred to the belt testing 
machine of Messrs. Wm. Sellers & Co., and I think Sibley Col- 
lege fortunate in having secured so valuable a piece of apparatus. 
I am sure we are all much indebted to Mr. Wilfred Lewis for 
the extensive and caretul experiments made with the machine 
referred to, and published in Vol VII. of our Transactions. 
It seems desirable that the different engineering laborato- 
ries of the country should work independently upon various 
problems in which data of practical value may be obtained, 
not only for the purpose of comparing results to establish 
truth or reveal error, but also for the purpose of making the 
students in these laboratories familiar with results, and also 
with the experimental work by means of which the results are 
reached. 

It was the need in the laboratory of the Worcester Polytech- 
nic Institute of some apparatus for testing belts that led to thie 
construction of the machine I have described. With reference 
to measuring internal resistances and loss of work due to stiff- 
ness of belt, I suppose a transmission dynamometer would be 
required for that purpose with any machine, though that would 
be likely to introduce some unmeasured resistances, such as axle 
friction, which it would be difficult to determine separate from 
the work due to stiffness of belt. 

The machine which I have described could readily be driven 
through a transmission dynamometer. As used for ordinary 
testing, the total work done at the face of the driven pulley is 
measured, including axle friction. 

The use of the absorption dynamometer in the driven wheel 
enables the machine to be made very simple, both in construc- 
tion and operation. The measurement of the slip on both the 


*Author’s Closure. 
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driving and the driven pulleys is a feature of interest in the 
results. 

The elimination of scale beams with dashpots is also desir- 

able, as it removes the necessity of constantly taking weighings 


from a vibrating beam. 
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STEEL CASTINGS. 


H. L. GANTT, PHILADELPHIA, PA. 
(Member of the Society.) 

Durinc the past few years steel castings have come extensively 
into use in the construction of machinery. The great power and 
size of many machines now being built demand a metal stronger 

than cast iron, and steel seems to be the most suitable substitute. 
. Steel castings, however, have not given universal satisfaction by 
any means. 

One man complains that they are not true to pattern; he has 
been using iron castings and expects those of steel to be as 
accurate as the iron ones. A little consideration will show that 

such expectation is unreasonable. Steel castings not only shrink 
much more than iron ones, but with less regularity. If iron cast- 
ings are made from approximately the same grade of metal, they 
will be very nearly uniform in size. With steel castings the 
amount of shrinkage varies with the composition and the heat of 
the metal: the hotter the metal, the greater the shrinkage ; and, 
as we get smootlier castings from hot metal, it is better to make 
allowance for large shrinkage and pour the metal as hot as possible. 
Then all castings should be thoroughly annealed, and in doing 
this a heavy scale is formed, leaving the casting pitted; this is 
very marked if the metal has been a little cool in pouring. We 
must not therefore expect to find steel castings as true to pattern 
as iron ones. The safest thing to do is to allow three-sixteenths or 
one-quarter inch per foot in length for shrinkage, except in very 
heavy castings, where one-eighth inch per foot will generally be 
sufficient and one-quarter inch for finish on all machined surfaces 
except such as are cast “up.” Cope surfaces which are to be 
machined should, in large or hard castings, have an allowance of 
from three-eighths to one-half inch for finish, as a large mass of 
metal slowly rising in a mould is apt to become crusty on the 


* Presented at the Providence Meeting of the American Society of Mechanical 
Engineers (1891), and forming part of Volume XII. of the Transactions. 
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surface, and such a crust is sure to be full of imperfections. 
On small, soft castings one-eighth inch on drag side and one- 
quarter inch on cope side will be sufficient. No core should 
have less than one-quarter inch finish on a side, and very large 
ones should have as much as one-half inch on a side. This 
seems a great deal, but will be found economical in the long run. 
- Another man will say that so many castings have “ blow holes” 
in them. This is undoubtedly true; but unless the holes are so 
large as to make the appearance of the casting very bad, or occur 
on a wearing surface, they should not give any anxiety, as such 
- metal is always tougher than solid metal of the same hardness. 
- Blow holes can be entirely prevented in castings by the addition 
¥ of manganese and silicon in sufficient quantities, but both of these 
cause brittleness, and it is the object of the conscientious steel 
maker to put no more manganese and silicon in his steel than is 
just sufficient to make it solid. Working with this object in view, 
he occasionally fails to get quite enough in to make his castings 
entirely free from blow holes, while one who is simply aiming at 
solid castings regardless of quality, gives his metal a dose of silicon 
which is sure to make it solid; and if there should already be 
a little more silicon in the metal than he is counting upon, his 
castings will be beautifully smooth and solid, but brittle and far 
inferior to those with the blow holes in them. If such castings 
are to replace iron ones which have broken, they will, as a rule, 
be good enough; but if they are for new work and good tough 
castings have been counted upon, they will be very apt to fail. 
Another complaint is that many of the heavy sections on being 
cut.into are found to contain large shrinkage holes. This is true, 
but most people do not consider the excessive shrinkage of steel 
in designing their castings, but make them just as if they were to 
be cast of iron. An iron founder can always get hot metal from 
his cupola to feed any casting as long as it continues to shrink. 
The steel founder taps all the metal from his furnace at once and 
it is necessary that the casting shall be so designed and the 
sinking heads so placed that it shall need no more feeding. In 
order to get such a casting solid it must cool from the bottom up, 
and the sinking heads must be the last portions to chill or set. 
In other words, every portion of the casting must have a fluid 
connection with the sinking head until it is solid. The necessity, 
therefore, for designing steel castings in such a way that the heavy 
q portions may be cast “up” with sinking heads on them is much 
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greater than in cast iron, for many a section which in cast iron 
would have searcely any shrinkage hole in it, would in steel be so 
badly shrunk as to be unfit for use. It will follow also that the 
section of the sinking head must be greater than any portion of 
the casting to enable it to retain its heat until the whole of the 
casting is set. 

The best results are arrived at when all portions of the castings 
are of a uniform thickness, or very nearly so. In such a case 
there is but little danger of shrinkage holes, and the even cooling 
will, as a rule, cause the casting to retain its shape and be true 
to pattern ; while those in which the sections vary very much in 
thickness are apt to depart a good deal from the pattern by warp- 
ing from unequal cooling. 

Another and very serious trouble is the tendency which castings 
have to crack in cooling. These cracks, or “pulls” as they are 
generally known, take place just after the steel has passed to the 
solid state and when it is still greatly lacking in tenacity. The 
contraction of the casting begins very soon after it has become 
solid, and unless every portion is free to shrink, there may not 
be strength enough in the metal to overcome the resistance 
offered by the sand in the mould and to pull the different parts 
together, and a crack will open in the hottest or softest part. 
If there is much variation in the thickness of the metal, it is al- 
most impossible to prevent the formation of cracks where heavy 
and light sections join. If, on the other hand, the casting is of 
uniform thickness throughout, such a tendency is reduced toa 
minimum, as there are no very soft places for cracks to start. All 
inside corners should have large fillets in them, as such corners 
_— sharp almost always crack open. The tendency of castings 

“pull” makes it very desirable that they should-be as simple 
ns construction as possible. For instance, it is better to bolt sev- 
eral small castings to one large one than to complicate the large 
one by casting small projections on it. In case of the built-up 
structure we know exactly what we have, but when a number of 
brackets and knobs are cast on, we may never know the cracks or 
defects until something breaks off. 

The principal cause of the difficulties in filling specifications 
on castings for the United States Navy Department is that all 
designs are made, not with special reference to avoid difficulties in 
casting but with the purpose of getting the strength needed with 
the least possible weight of metal. The result is that the castings 
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are often very complicated, and, as in making such castings each 
new Shape is necessarily an experiment, they are very expensive. 
In many cases, also, there are no doubt shrinkage holes in the 


centres of the castings, but usually such holes are not suspected 

until the casting breaks. In the majority of such cases the 
steel founder has done all he can to prevent shrinkage. but the 
design of the casting is such as to cut off fluid connection from 
the sinking head to some portions of the castings before such 

portions are set. Steel founders should decline to make such 
castings as will surely contain serious shrinkage holes, or at least 
warn their customers that such will be the case, and make an 
effort to have the design modified. It is a good plan for those 
not practically familiar with the manufacture of steel castings to 
submit to those who are, designs of any large or important castings 
before making the patterns, as in many cases unimportant changes 
may be made in the design and much better castings secured. 
Work will often be much expedited by consulting the founder 
about the way of making the pattern, as it is often necessary 
to pour a steel casting in a position very different from that in 
which an iron one would be cast. 

Iu an earlier part of this paper it was stated that the fracture 
of an unannealed steel casting very much resembled that of burnt 
steel. The behavior of an unannealed steel casting also resembles 
that of an overheated forging. Its chief characteristic is its brittle- 
ness when subjected to shock. Hard castings have this property to 
such a marked degree that sinking heads are often broken off by 
the shock of chipping off the runner, in which case they nearly 
always carry alarge piece of the casting with them. Such castings, 
unless containing large amounts of manganese and silicon, become 
tough and reliable when annealed, and show a fine even grain 
upon fracture. Another effect of annealing is to equalize the ~ 
strains of cooling. These strains are sometimes so great as to 
cause the casting to crack open with a loud report. This hap- 
pens not only in hard steel, but also in steel low in carbon. As_ 


an illustration of this the cracking of a large gear-wheel may be 
cited weighing 8,000 lbs. (carbon .84¢). The wheel had been cast 
several days and was about half-cleaned. It was left in a perfect 
condition one evening and found next morning with a crack half- 
way across one of the arms. 

The following table will illustrate the effect of annealing on — 


tensile strength and elongation 
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UNANNEALED. | ANNEALED. 


! 


Tensile strength. Elongation. | Tensile strength. | Elongation. 


68,738 2. 67,210 31.49¢ 
85,540 8, 82,228 21.80% 
90,121 106,415 9 


In the above table the unannealed and annealed specimens 
having the same carbon were in each case taken from the same 
runner of a casting and very close to each other. On considering 
this table the value of annealing becomes immediately evident, as _ 
does the absolute necessity for it in case of hard castings. The 
proper annealing of large castings takes nearly a week, and when 
we remember that all steel castings are made in dry sand moulds, 
and have sinking heads on them which in most cases have to be 
cut off in the machine shop, it will be evident that they should 
be ordered three or four weeks before they are needed. 

One more complaint of frequent occurrence is that the metal is’ 
too hard or too soft, no specifications having been given except 
that the castings shall be of steel. In such a case the manufac- 
turer has probably put in the casting the grade of metal which he 
considered best for the work it was to do, but his judgment will 
often differ from that of the purchaser. Our experience with steel — 
gears, and especially with roll pinions, is that they do not break, 
as a rule, but wear out. Consequently we make them hard, pinions— 
being made hardest. The result of this has been that some have 
complained that they were so hard they could not be machined. 
For people who have their machines speeded to cut cast iron only, 
they are of course too hard, but if it is desired to get good wear 
it is much better to slow down the machine and use hard steel for 
such castings. One objection to hard steel is the tendency which 
it has to form blow holes, and consequently the strong inducement — 
to add large quantities of silicon and manganese to the metal to — 
make it solid. It is in high carbon steels that silicon is specially 
objectionable, for while annealing will greatly diminish brittleness 
due to carbon, it does not appear to have much effect on that due 
to silicon. Another essential in the production of solid castings 
of high carbon steel is that the metal shall be very hot. Conse- 
quently small castings and those having very thin sections will — 
often contain blow holes, while a thick, heavy casting made from 
the same metal will be perfectly solid. As large and smill 
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astings are usually made from the same ladle of metal, it is con- 
sidered preferable to run the risk of having a few vlow holes in 
small castings rather than have the large ones unnecessarily 
-prittle. Such blow holes are usually very close to the surface and 


may in general be gotten rid of by allowing a little extra metal for 


g 
machining. In the case of small gearing they show up in the 
teeth, but our experience has been that such gears wear far better 
than softer ones, which can easily be made solid. 

_ The proper steel for roll pinions, hammer dies, etc., seems to be 
that containing about .60¢ of carbon. Such castings properly 
annealed have worn well and seldom broken. Miscellaneous 
gearing should contain carbon .40% to .60%, gears large in diameter 
- being softest. General machinery castings should, as a rule, con- 
tain less than .40¢ of carbon, those exposed to great shocks con- 
taining as low as .20% of carbon. Such castings will give a tensile 
strength of from 60,000 to 80,000 Ibs. per square inch and at least 
-15¢ extension in a two-inch long specimen. 

Machinery and hull castings for the war vessels now being built 
for the United States Navy, as well as carriages for naval guns, 
contain from to of carbon. The smaller gun carriages are 
subjected to a ballistic test, in which the casting is pierced by two 
shots from a three-pounder Ilotehkiss rapid firing gun, the shots 
striking not less than four diameters apart. If the metal shows a 
tendency to crack seriously, the casting is condemned, as are all 
others made from the same heat. Castings for the hull and 
machinery of the ships are subjected to a bending test, in which 
-an inch square bar is bent at right angles around a radius of 
14 inches. If the bar shows any serious cracks the casting is 
condemned. 

In designing machinery the question often arises as to which 
will give the desired result most economically, a steel or an iron 
casting, and is sometimes quite difficult to settle without making 
both designs and getting prices. If a few facts about the relative 
size of steel and iron castings of the same strength be borne in 
mind they will greatly help us in this matter. 

With reference to strength, it has been noted that good castings 
7 for general machinery work will give 60,000 to 80,000 Ibs. tensile 
strength and 15% extension. Where strength and not stiffness 
is required, a structure of such material will resist a strain of 
15,000 lbs. per square inch with greater safety than one of cast 
iron will resist 5,000 Ibs.; especially if subjected to shocks. It 
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follows, then, that if the castings are large, a steel casting to stand 
the same strain as an iron one need only be about one-third as 
heavy. In the case of small castings the use of steel will generally 
allow us to make them somewhat lighter, but the same proportion 
will not hold good, as the difficulty of making a perfect steel cast- 
ing increases very rapidly as the sections become very thin. In 
general small steel castings will be found to cost proportionately 
more and to be less satisfactory than large ones. They come into 
use where iron castings will not answer, while large steel castings 
will often take the place of iron ones on the score of cheapness 
alone. 

The following is a partial list of castings in which steel seems 
to be rapidly taking the place of iron: hydraulic cylinders, cross- 
heads and pistons for large engines, roughing rolls, rolling mill 
spindles, coupling boxes, roll pinions, gearing, hammer heads and 
dies, riveter stakes, castings for ships, car couplers, ete. 

Perhaps the one class of castings which is of most general inter- 
est is that of gearing. A few years ago steel castings were so 
rough that it was necessary to cut all steel gears; but now this 
difficulty has been practically overcome, and while they will never 
be as smooth as good iron ones, uncut steel gears, even of small 
sizes, are giving perfect satisfaction in many places, and are now 
used by the Midvale Steel Company almost to the entire exelu- 
sion of iron ones, 


DISCUSSION. 


Mr. Wm. Webber —Mr. Gantt has not mentioned the most 
prolific objection to steel castings, and that is in the using 
of steel castings in general manufacturing business, the steel 
foundry promises a steel casting in three weeks, and if you get 
it in three months, you are doing quite well. 

Mr. Oberlin Smith.—I have used a good many steel castings, 
and my experience is that they are apt to be either good or bad, 
and you either do or do not know which. On the whole, I have 
had very good luck with them. Really, “luck” is the proper 
word; for the makers do not seem to be playing a game of skill. 
In shafts for presses and other percussive machinery, I have 
subjected them to severe tests and have rarely had one break. 
When you get them of an old maker with whom you have dealt 
a long time, and at Jong intervals, as Mr. Webber suggests, you 
generally get pretty good results. As before stated, I have 
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had very few breaks, and most of the blow holes have been 
on " surface. Of course, when I find 500 or 600 on a 
shaft 2 feet long and 3 inches in diameter, as I have done, 
I throw it out. But shafts of that kind I usually get from new 
men, who have not been in the business long. A peculiarity 
about this business is that when you get pretty well estab- 
lished and are running along nicely, some new man will come 
to you with a story so plausible that you will change and buy 
of him; and then in the course of three or four months you will 
change back again, and you would change in three weeks if you 
could. But, seriously, they do answer an excellent purpose for 
cranks and many other kinds of work. I think there is a de- 
cided improvement in them, noticeable of late years—provided 
you always avoid the new men. 

Mr. Jos. Leon Gobeille.—The fault with many steel castings lies 
largely with the man who designs the shape. A complicated 
form will not come out satisfactory in one case out of five. This 
fact makes a very great difference in foundry practice for iron 
and for steel, and the man who has charge of the moulding has 
to put in much more of his time thinking how he can get out 
what is furnished to him. I think the manufacturers are work 
ing against themselves in designing complicated forms. 

Mr. EB. F.C. Davis.—I think it is only due to some manufac- 

turers to say that there are some people i in this country who can 
make steel castings with some degree of cert: vinty. In getting 
steel castings for the engines of the 1. S.S. Texas, we have sent 


back very few castings, and some of them were very large and 


_ very complicated. They have had very few blow holes, and 
those that were in them were so slight that they did not do any 
harm. The quality of the castings has been very good indeed. 
‘The patterns were changed slightly from the original design, but 
I think the result has been very satisfactory, and shows that the 
manufacture of steel castings has arrived at a degree of effi- 
ciency which is not generally believed. We have had a great 
deal more difficulty in getting steel plates for the Texas boilers 
than we have had for steel castings. 
Mr. Wm. Kent.—I would like to ask Mr. Gantt if it is now the 
custom to immure steel castings in oxide, and why it takes a week ? 
Mr. Wm. H. Weigh:man—The Westinghouse Brake Company 
are using cast-steel fittings throughout, and have been for three 
years. 
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— Mr. C0. H. Parkev.—I am glad to hear a good word spoken it 

defence of blow holes in steel vastings. I have recently passe: 
through rather a serious experience with steel castings on som 
machines which we are making for the Government, intended fo 
the United States cruiser Monterey. The appearance of the cast 
ings was not very satisfactory. The steel castings were to with- 
stand a working steam pressure of 160 lbs. to the square inch, 
and the specifications called for a test pressure of 240 Ibs. to 
the square inch, and iinally they had to pass the government 
inspector’s approval. In order to be sure, I built the whole 
machine and put it together, and tested it at 300 Ibs. to the 
square inch, and of course where there were blow holes, they 
manifested themselves, but not to such a degree that they could 
not have been stopped by very small plugs, or some of them 
even by the hammer. I got the work in a condition which I 
thought would meet the government inspector’s approval, and 
he came and examined the work, saw the test of 300 Ibs. to the 
inch. Of course, I had not taken any measures to hide the blow 
holes. I left them in their natural condition. There was no 
trouble in maintaining the pressure with a small pump of about 
half an inch plunger. The cubical contents of the vessel filled was 
about 12 feet. He expressed his satisfaction with everything, 
so far as the test went, but he said that the Government would 
not under any circumstances accept castings with blow holes, 
and that settled the whole thing, and the work was condemned 
at a loss of some $500 or $600. Now, those blow holes were very 
small in magnitude, and could have been easily stopped ; and, if 
a blow hole is an indication that a casting is low in silicon, 
I cannot see why the requirement that there should be no blow 
holes should condemn a piece of work which is otherwise per- 
fectly satisfactory. The castings were rough in appearance, but 
that could have been easily remedied. My object was to lay 
out no more labor upon them than was absolutely necessary in 
order to have the government inspector accept them. 

Mr. Oberlin Smith.—One feature about steel castings whicli is 
particularly good is their adaptability for shafts with cams on 
them, running against rollers. In many cases where I could not 
make a shaft of good hard cast-iron stand at all, steel castings 
under the same conditions have lasted for years without a 
scratch or a mark, the rollers and cams both getting all the time 


burnished down to a harder and smoother surface. Cast-iron 1D 
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the same circumstances became crushed upon the surface, and 
quite rough. I have also found that steel casting shafts wear a 
_5 great deal better, running in cast-iron bearings, than steel forg- 
ings of any kind, under the same conditions. In the case where 


a steel forging (of all the way from .30¢ to .507¢ carbon) would 

“eut” under the pressure, a steel casting would remain per- 
-fectly smooth. It seems to have more of a self-lubricating 
nature than either cast-iron or steel forging. 

Mr. H. M. Howe.—Mry. Gantt speaks of the shrinkage varying 
with the composition of the metal for given casting temperature. 
Ts that an accurately observed fact, or simply a matter of belief? 

~ Tt seems to me rather surprising that any variation of compo- 
sition within usual limits should induce a change in the dilata- 
tion so great as to be easily seen in the manufacture. Then I 
: . notice that he also says in the paper that blow holes are almost 
necessary if we are going to get a tough casting. I do not think 
that is quite true. No doubt the presence of blow holes would 
be an indication that the casting was probably tougher than if 
the casting was perfectly solid. I meant to bring here some 
shells which are perfectly solid and free from blow holes and 
at the same time pretty tough—a shell so tough that when it is 
fired under full charge against earth work without breaking, of 
course must be a pretty tough casting. Those are made in 
enormous quantities and tested in that way with few if any fail- 

ures. Those castings are perfectly solid. Then I have photo- 
graphs of some of Hadfield’s cast shells which have been neither 
hammered nor rolled, though they have undergone a little 
mechanical work. One is of a thirteen-inch shell which has 
penetrated two feet into wrought iron. That, of course, must 

have been pretty tough, and if it was tough after only under- 

going this very slight amount of work, it is reasonable to sup- 

pose that it was also pretty tough before and when it was simply 

a casting. 

I think that the making of steel castings is a matter of trick 
and knack a great deal, and one of the most important of these 
is the one which is dwelt upon so much—providing plenty of 
feeding for the pipe. There is one thing which is not mentioned 
in this paper which I think is often a very good plan, and that 
is to have hot tops to your moulds. It is an old trick, but one 
which has not been put in operation as much as it might be. 

i At the top of your mould place a cap which has been previously 
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heated to a white heat. That is done in Sheffield, England, even 

in casting ingots, and is very much more applicable to castings. | 
Favor the feeding by putting at the top of the mould a mouth- 
piece which is previously very highly heated, so that the metal 
there will keep perfectly hot, and feed after the metal below has 
become solid. Another well known trick for preventing cracks 
where the section changes abruptly, e. g., where the spoke of a 

wheel joins the rim, is to cast in a fin, which, cooling early, will 
become hard and strong when the rest of the metal is still weak, 
and liable to pull apart owing to unequal contraction—a bracket, 

it is called technically. This fin is readily chipped out later. 

Mr. Jno. T. Hawkins.—1 have no desire to blow any more 
holes in steel castings than are usually found there, so I will not | 
touch upon that part of the question, but I desire to say that. 
in my opinion the engineer who will succeed in correcting the 
erratic character of steel castings as to shrinkage, will have done 
a good thing. Mr Gantt’s suggestion of leaving a greater 
amount of metal on fitting surfaces to correct the irregular 
shrinkage, is very well on such character of work as will permit 
of it, but on a very large variety of work that is not permissible. 
I had occasion quite recently to attempt to adopt steel castings 
in a very important part of a machine which required that the 
castings should be of uniform size. We experimented in order 
to get our patterns just right, and after a good many trials, 
carrying out the injunctions of the steel casting people, we 
thought that we had got the thing down very nicely, and were 
satisfied that we had arrived at a point where we were jus 
tified in ordering a pretty large invoice of these castings, when 
to our surprise they were all too small,—the shrinkage had gone 
back to where the original one was—and we were obliged to 
abandon it, and the profit on these particular machines shrunk | 
in proportion. There are very many places in machinery where 
steel castings may be made to serve a very valuable purpose if 
that unfortunate peculiarity in them can be eliminated, where 
they are now prohibited because of it. 

Mr. T. R. Morgan, Sr—We have had considerable experience 
with steel castings at our works from the inception of the busi- 
ness in this country to the present time. Castings have come 
to us from all the leading steel foundries both of the lightest 
and heaviest grades, the plainest and the most complicated : 
from the Pittsburgh Steel Casting Co.; Mackintosh, Hemphill 
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From one and all we have had many excellent castings in 
material and solidity. The difficulties in making good steel 
castings are, in my opinion, more in our mind than they are in 
2 fact, as verified by our experience. 
~ We know the making of steel castings is a new and high class 

branch of business which requires chemical and practical care 
¥ combined, the practice varying considerably in many cases from 
that of iron founding, since the high temperature of steel when 
casting, with its quick cooling and great contraction at the same 
time, compel better judgment to obtain similar comparative 
results than iron founding requires. This settles itself when 
the steel mixture is in proper condition to no other than a 
good industrial organization governed by good leaders, a good 
~ sober class of workmen with good common sense, and records 
well kept both practical and theoretical. Steel castings can and 
have been as well made as the best iron castings. 

For some classes of steel castings special care and good judg- 

ment are required in designs and patterns, as well as in feeding, 


much more so than in iron castings; apart from this, many iron 
castings of a complicated character, when made in green sand, 
are more difficult to make than moulds for steel castings of the 
same kind which are all dried to a cake before casting. 

We have had some plain steel castings made which were 
excellent and solid throughout; a number following from the 
sume pattern would not compare with the first lot, some lacking 
solidity and workmanship both. 

Believing, as I do, that like has produced like, and always will 
to the end of time, I must and will always feel that when such 
comparative conditions adverse to the new industry show them- 
selves, the fault is not in the business itself, but in the lack of | 
constant conditions, which have not been obtained in any busi- 


ness of a high character until a high organization of manage- 
ment and workmen has been obtained, each carrying out their 
respective parts from long and co-operative experience. 

While in all lines of business I believe there is room for 
improvement, I believe America has done wonderfully well in 


- &Co.; Carnegie, Phipps & Co., Pittsburgh ; Cambria Iron Co., } 
Johnstown; Sharon Steel Casting Co, and Wellman Iron & ; 
eS Steel Co.; Thurlow, Midvale Steel Co., Nicetown, Philadelphia, 5 
Pa.; The Otis Iron & Steel Co., Cleveland 1 the Solid Steel a 
\lliance, Ohio. 
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the steel casting line, and our people are continually making 
great inroads into the cast-iron casting business and will con- 
tinue to do so in the future. 

The United States Government has received and is continuing 
to receive some of the best, most perfect, and complicated of 


steel castings, guaranteed to high tests, and prices accordingly, 


but the government rates are such as are entirely too high for 
commercial purposes, as the laws of demand and competition 
will not admit of them. 

Iron flasks for moulds for steel castings are needed, which has 
added to the cost of such castings. The time will come, and 
that before long, I believe, when this country will correct these 
conditions as it has in other departments of manufacture, 
through having accumulated ample facilities and proper organi- 
zation, so that steel castings will be produced in the best man- 
ner at much more reasonable rates than at present; especially 
plain castings requiring only plain labor and its conditions. 
When that is done steel castings will make continuous and rapid 
inroads into the iron casting business, as steel castings in 
tenacity and endurance average about four to one of the 
castiron; so I feel thoroughly warranted in saying that any 
difficulties which may seem to come in the way of obtaining 
good sound steel castings are only similar to difficulties which 
have always existed in any other business which has failed at 
first to produce first-class work. Some of the difficulties are in 
the science and the management, but many are in the practical 
and commercial side of the business, but these will all be cor- 
rected in time in all first-class establishments. 

Mr. H. H. Suplee-—1 think Mr. Morgan’s remark ought to be 
followed up by the definition of engineering, which was made 
by the late Mr. James Nasmyth: “Engineering is common 
sense applied to the use of materials.” 

Mr. O. C. Woolson.—I have had some experience with steel 
castings, and I am inclined to emphasize one or two points which 
Mr. Gantt has mentioned in his paper. One is the great necessity 
of ample sink-heads—usually much larger than required for gray 
iron castings. And he mentions another thing: he says that 
the castings required by the United States Navy are very 
difficult to make, because they are so complicated, and he 
advises the bolting on of such projections, lugs, etc., as can be, 
to simplify the main casting. That is all right. The complicated 
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- requirements that the government draughtsman sometimes 
specifies, remind me of an experiment which I had with some 
aa government work on one of their light-houses. I had great 

difficulty in erecting it at our works, inasmuch as in numerous 

i". places it required 3 inch steel pins in 2} inch holes, and I had 
the greatest difficulty in filling such requirements. 

Mr. Robert W. Hunt.—1I think we all recognize that steel cast- 

‘ings have come to stay, and the subject is of great interest. It 

has been shown that steel casting has passed the experimental 

stage. Of course, there are still many difficulties to be overcome. 

i It is quite true, that when you are getting an order duplicated 

from the manufacturer, it is natural that you should have less 

difficulty with the goods furnished than if you go to one that 


has not had the same experience. Do you recall how it was with 
steel rails? A steel rail broke, and all steel rails were con- 
demned They forgot that where one steel rail broke, a hun- 
- dred iron ones had failed. Do we not have some trouble with 
iron castings ? 

Mr. Gantt—1 think Mr. Morgan is just about right. I did 
not mean to say that those complicated castings could not be 
made. They can be made, but every one of them is an experi- 
ment, and somebody has to pay for that experiment, and the 
ordinary manufacturer won't do it. Mr. Davis said he had been 
vetting good castings for the U.S. S. Texas, and had sent but few 
back for defects. He did not tell us, however, how many of them 


were condemned by the inspector at the works where they were 


made. I happen to know in some cases how that was, and so 
T won't ask him to tell. Now, about blow holes. There is no 
more difficulty in getting your steel casting perfectly sound than 
there is in an iron easting. If poured quickly with hot metal 
containing the proper amount of silicon and manganese, they 
will nearly always be solid, and a careful consideration of the 
paper will show that Mr. Howe has misunderstood me; I did 
not mean to say that castings could not be made solid, that I 
preferred a casting containing blow holes to one containing an 
excess of manganese and silicon. With regard to annealing, I 
did not say anything about that before, but Mr. Kent has 
asked a question which has brought it up, why it takes a week ? 
Well, it does not take a week to anneal one casting, unless it is 
avery large one. There is no use in running any risks on east- 
ings. They must be heated slowly. They nearly all have a 


| 
| 


724 STEEL CASTINGS. 


scale on them when they come out of the furnace, which has to 
be taken off, and this requires a certain amount of time. With 
regard to deliveries on castings, that is, of course, a matter with 
every manufacturer. I do not think that the deliveries on steel 
castings are much worse than they are on other things. Mr. 
Howe’s suggestion of a hot-top for the mould is possibly a good 
thing. But suppose you have fifty moulds to pour from a ladle 
of steel; it would be a difficult job to have a different top for 
each one of those moulds. Then the question of fins to keep 
castings from cracking and pulling—everybody does that; not 
only that, but we put a big fillet in every sharp inside corner. I 
have seen a skin of the casting perfectly solid, but when it was 
cut through, a hole showed underneath. Now, you can get good 
sastings if you make the design right. With regard to the 
strength, I would say that steel casting, when constructed right, 
will do three times the work of a cast-iron casting. I don’t 
believe there is any luck in it at al}. Now, as to the question of 
records. That is a thing which Mquires a higher intelligence 
than you can find in the ordinary moulder. The only way to do 
is, to keep a record of how every difficult casting comes out, and 
when you get a good one keep that record and follow the same 
plan afterwards. 
ims 
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V ADDITIONAL CONTRIBUTION TO THE PERFECT 


@ SCREW PROBLEM. 
BY W. A. ROGERS, WATERVILLE, ME 
(Member of the Society.) 


— THe w riter presented a paper at the Pittsburgh meeting under 
the title, “ A Practical Solution of the Perfect Screw Problem.’’+ 
: The substitution of 
the word impracticable for practical would more nearly represent 
the process described. While it is possible to make a precision 


versity may be taken as an example, the requisite conditions 
are not easily fulfilled in an ordinary work-shop. It is not sur- 
prising, therefore, that the manufacture of screws by this method 


to exercise personal supervision of the work. 

About three years since the writer returned to the attack of 
this fascinating problem. The result of these later investigations 
will appear in the serew-cutting engine shown in Fig. 227. This 


machine was built by Messrs. Webber & Philbrick, of Water- 
_ Ville, Me, and the plans were drawn by Mr. F. B, Philbrick of 


this firm. It has the following dimensions : 


1. Length of bed 
2. Width of bed 

3. Depth of bed 14 inches. 

). Diameter of spindle 4 inches. 

. Diameter of aperture in spindle ..-3 inches. 

. Length of spindle in head-stock 38 inches. 

%. Length of spindle in tail-stock. .................065 27 inches. 

10. Length of screw 8 feet 4 inches. 


* Presented at the Providence meeting (1891) of the American Society of 
Mec] 


‘anical Engineers, and forming part of Volume XII. of the 7'ransactions. 


| + Transactions Amer, Soc. Mech Engineers, Vol. V., p. 146. 
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11. Diameter of screw.... 3 inches, 

13. Length of tool-carriage .. .80 inches, 
16. Weight of carriage 


An attempt has been made in the construction of this engine 
to fulfil the following conditions : 
(2) The ways upon which the tool-carriage moves must lie 


- in a horizontal plane. 
” (6) The vertical wall against which the tool-carriage 1s 


pressed, by means of bolts backed by spiral springs, 


must lie in a vertical plane, which is at right angles to 
the horizontal ways at every point. 

(c) The line between the centres must be parallel to both 
sets of ways. 

(1) The movement of the tool-carriage must be parallel with 
the line between the centres at every point. 
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(ec) The systematic errors of the screw, which are a function 
sof the single revolution, must be eliminated independently 
of any method by which the correction of the linear 

errors of the screw is secured. 

(f) The correction of the linear errors, including the reduc- 
tion to 62’ Fahr., must be made by a method which 
admits taking into account the wear of the screw. 

In the fulfilment of condition (a) a short spirit level, made 

7 upon a special order by Fauth & Co., of Washington, was used. 
~The value of one division of this level is about .9 of a second 
of are, and the lower face of the base upon which it is mounted 
is a plane surface. The condition of the surface of the ways 
was further tested by comparing it with a surface of mereury 
8 feet in length. 

The fulfilment of condition (+) was found to offer the most seri- 
ous obstacle in the construction of the machine. It is ordinarily 
assumed that the mean of two nearly parallel lines ruled by a 

~ motion of the tool-carriage and with reversed portions of the 
bar will be a straight line. This, however, is only trae when 
the two lines ruled follow well-defined curves. Moreover, it was 
found very difficult to prevent the shear of the cutting-tool. The 
form of a comparator, constructed by the writer, admits of the 
construction of a line 40 inches in length, which is practically a 
straight line. With the aid of such a line traced upon a hori- 
zontal surface, it was found easy to test the plane of the vertical 
way. At present this way has a very slight curvature at two 
points, the maximum deviation from the vertical plane being 
.Q002 inch and .0004 inch respectively. 

Condition (c) is fulfilled by giving to the frame which carries 
the centre in the tail-stock a universal adjustment. 

The writer will not take time to describe the method by 
which the systematic errors of a single revolution of the screw 
were eliminated. It may be said, however, that the method is 
applicable to screws of almost any degree of badness. In the 
present case the errors of this class, which existed in the 
screw of a lathe of well-known make, which is the basis of 
the present screw, were very large. They have been reduced 
in amount to such an extent that they are now barely measurable 
under the microscope. 

The linear errors were eliminated by the template shown at 
the point g, Fig. 227. The reduction to 62° is accomplished by 


a 
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a fall of the template amounting to two inches in about eight 
feet. It was the original intention to replace the present screw 


with a new one in which the existing errors would be eliminated, 
but the ease and certainty with which a transcript of the 
corrected screw can be made, has so far rendered this un- 
necessary. 

The test of the serew is made in the following way: A space. 
of 40 inches has been subdivided to single inches upon the plane 
surface of a bar of Jessop’s steel. By repeated approximations — 
the total length has been made correct at 62° Fahr., and the © 
errors of subdivision have been so far reduced that they can be 
neglected. This bar is placed upon the bed-plate of the machine 
and so adjusted that every line is in sharp focus under a micro- 
scope attached to the tool-carriage. Making a coincidence of 
the micrometer line of the microscope with the initial line of the 
bar, every fifth revolution of the serew should bring coincidences 


ured with the filar micrometer. At no point within the limits 
of 6 feet does this deviation exceed one-six-thousandth of an— 
inch. 


with the suecessive lines. The amount of the deviation is ane 


The reading microscope is shown at b. Ata will be seen the 
marking apparatus with which the index-wheel was graduated 
into 1,000 equal parts. cis a microscope attached to the tool-— 
carriage. The template is shown at g. The back thrust of the 
screw is against a plane surface at 1. 


| 


TEAM-ENGINE EFFICIENCIES. 


few. @ 


STFAM-ENGINE EFFICIENCIES: THE IDEAL ENGINE 


4° COMPARED WITH THE REAL ENGINE. 


— BY H. THURSTON, ITHACA, N. Y. 
Member of the Society and Past President.) 
Tue writer has been much interested of late in making a 


number of comparisons of the efficiencies computed for the Ideal 


The real engine, on 

the other hand, is not only subject to those wastes by unavoid- 
Es able rejection of heat at the inferior limit of adiabatic expansion, 
but loses heat by conduction and radiation to surrounding ob- 


Serious percentage of the power actually obtained, by transfor- 
mation out of heat energy, in the work of overcoming the friction 
of its rubbing parts, and of forcibly rejecting the working fluid 
against an artificially produced back-pressure. 
In the time of Rankine and Clausius, only the thermodynamic 
or ideal ease was considered in the theory of the engine, the 


* Presented at the Providence meeting (1891) of the American Society of 
: ; Mechanical Engineers, and forming part of Volume XII. of the Transactions. 


1% 8 
the conditions which distinguish the actual from the hypothet- 
~ ieal engine are introduced. The ideal engine, as the term is i 
here employed, is that which is treated of in all purely thermo- - 
— dynamie studies of the engine as free from those wastes of heat 
i and of power which distinguish the operation of the real engine . 
as a consequence of the existence of friction and the action of 
conduction and radiation in the dispersing, in useless ways, of 
heat which should be applied with best effect in thermodynamic 
- transformations. The ideal engine is one which is assumed to ( 
have a non-conducting cylinder and frictionless rubbing parts. : 
Ts 1.. a1 12.1 4% ] 1 
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discussion of these mechanical and physical changes and 
wastes of energy only having been introduced, to form a com- 
plete theory of the actual case, since their time. The theory of 
the real engine is thus a mixed theory, involving thermody- 
namics, physics of heat, and the dynamics of friction. The fol- 
lowing interesting computations, made for the writer by Mr. 
Kuehinsted, illustrate the sometimes great differences between 
the purely thermodynamic efficiency of the engine and the actual 
efficiencies as modified by these later extensions of the theory 
to adapt it to actual practice. The actual figures presented are 
not so much of importance, since they may or may not accord with 
any given cases in practice, as the conditions here assumed may 
approximate more or less closely to those observed in the actual 
case. The main interest attaches to their illustration of the 
general effect of such modification in the development of the 
modern theory of the engine, and the exhibition of the method 
of variation of the efficiency and economy of the engine, with 
changing conditions as to extent of expansion of the steam and 
the power of engine. 

The cases to be investigated in this provisional and approxi- 
mate manner are those which may possibly represent a later 
practice than is yet reached, the steam-pressure being what is 
now regarded as above the usually practicable limit for our time. 
They include the study of the non-condensing engine worked at 
a pressure of 250 lbs. per square inch above a vacuum, with) 
ratios of expansion ranging from 5 to 20, the back pressure being 
assumed at 16 Ibs., and the temperature of feed-water at 205 
Fahr., a comparison being made between the ideal thermody- 
namic case and that of the real engine, subject to a moderate 
amount of waste. They also include the case of fhe condensing 
engine working under similar initial pressures, and at ratios of 
expansion ranging from 10 to 50, and with feed-water at 1\4 
Fahr., similarly compared with a case representative of practical 
working conditions. The back-pressure is assumed to be 5 Ibs. 
above a vacuum. 

In making these comparisons, the methods and formulas of 
Rankine are adopted as most convenient and simple, and as giv- 
ing approximations which, so far as inaccurate, are probably on 
the right side. The cases thus computed would in no way differ 
from those illustrated in the examples given in the works of that 
author, except as differences of data give difference of numerical 
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results.* An interesting collection of data and results may be 
be found in Rankine’s works, in all cases illustrating the ideal 
case. In the cases here assumed the jacketed engine is studied, 
and the conditions of action of the jacket are taken as assumed 
by Rankine, ¢. e., that the jacket is so effective as to keep the 
initially dry steam in the dry and saturated state quite up to the 
end of the expansion period. It is further assumed that the 
wastes of heat by conduction and radiation, internally and ex- 
ternuly, mainly in the exhaust period, may be represented 
approximately by an expression of the form deduced by the 
writer from earlier observation and especially from the Sandy 
Hook experiments, as a factor, constant for any given engine, 
multiplied by the square root of the ratio of expansion.t This 
constant is here taken as .15 for a simple jacketed engine and 


as .075 for the jacketed compound engine, which figures are — 


sufficiently accurate for the purpose here in view. It is only 
necessary to assume that the engines here to be considered are 


of substantially the size and construction of those the trials of © 


which give similar figures for wastes. The Sandy Hook engine 


may stand for the simple engine, for example. The real case is — 


taken to be that of a compound jacketed engine ; for the ideal 
case there is, of course, no distinction between the simple and 
compound, 

Taking up the first step in the series of problems, we determine 


the thermodynamic efficiency of the steam, dry and saturated, 
under the prescribed conditions of the ideal case. In assuming 


a relation between the weights of steam and of fuel demanded, 
it is considered that the efficiency of the boiler should be such 
as to give an evaporation of at least 9 lbs. from 104° Fahr. and 
of 10 Ibs. from 203° Fahr. per pound of coal, which is equivalent 
to about 10.5 from and at the boiling point under atmospheric 
pressure. It is assumed that the jacket-water drains completely 
and automatically back to the boiler, as always should be the 
case; the neglect of this precaution often making a sensible 
reduction of the efficiency of the system. The results of these 

Itis unnecessary to reproduce the equations. They may be found in Rankine’s 
“*Steam-Engine,” pages 375-411, and are so well known that it would be simply 


pedantic to introduce either these expressions or the details of the work here, to _ 


encumber our pages, 

+ Haton de la Goupilliere coincides with Sinigaglia, who says that this func- 
tion was first proposed by the present writer, and subsequently confirmed by 
direct experiment at Sandy Hook and elsewhere.—Cours des Machines, Vol. 11. 
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computations are given in tabular form in the annexed general 
table of figures, data and results being presented so fully that 
comment is hardly necessary. It will be seen that the efficien- 
cies range from 16.7¢ to 18.2%, in the case of the non-condens- 
ing, and from 16.9% to 22% for the condensing engine ; the maxi- 
mum being found at a ratio of expansion, in the first case of 
about 10 and in the second of about 30. Beyond these ratios 
the terminal pressure falls below the back-pressure, and a waste 
follows instead of gain by further expansion. 

These results are still better exhibited by the curves (Figs. 228 
and 229) plotted from the numerical values; the ideal case in 
both sets being represented by dotted lines, and the real engine 
giving the widely different curves in full lines. The great ditfer- 
ence between the condensing and the non-condensing engine, for 
the ideal case, is well shown, not only as to consumption of fuel 
at a similar ratio of expansion, but also as affected by changing 
values of that ratio. The gain by expansion in the former case 
continues far beyond that at which the latter finds a limit; 
while the point of maximum effect is far more sharply defined 
with the non-condensing engine. Variation from the best ratio 
for the latter causes much more serious loss than with the con- 
densing engine. The numerical values obtained are presumably 
those which we should obtain if we were to find a way of build- 
ing engines with working cylinders having non-conducting inner 
surfaces, as sought to be secured by the var ous expedients 
adopted or proposed by Smeaton, Emery, the writer, and others. 
The points of maximum efficiency and those for minimum con- 
sumption of steam and of fuel are coincident in these cases, and 
also that for minimum supply of feed-water. As will be seen 
presently, this last is not the case for jacketed engines, in either 
the ideal or the real case, in consequence of the fact that a part 
of the working fluid circulates continuously between jacket and 
boiler and makes no demand upon the source of supply for re- 
plenishment. At each cycle it gives up its latent heat of evap- 
oration; that measurable as sensible heat remaining constant 
throughout its period of action. 
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STEAM-ENGINE EFFICIENCIES. 


COMPOUND JACKETED ENGINE, 


STEAM PRESSURE. 250) 


REAL ENGINE 
| 


EFFICIENCY 


10 EXPANSION 20 RATIOS 30 


Fria, 228. 


Taking up the real engine, as modified by the assumed con- 
ditions of operation, and the computed probable wastes, we find 
that we must add to the heat-supply a portion measured by the 
assumed heat-wastes, and which we here compute by multiply- 
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Fic. 229. 


ing the amount for the thermodynamic case by the factor, 
1 + 0.075 ,/ 7, that for one of the two cylinders of the compound 
engine under the prescribed conditions. The efficiencies now 
range from 13¢ to about 15%, and from 14% to 16%, in the two 
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engines respectively, a reduction of very considerable amount ; 
while the best results are now given at ratios of expansion of 


not far from 8 and 20 in the two cases, respectively. The water- 
consumption has increased from 12 to 14.8 Ibs., and from 8.5 to 
12 lbs. ; and the fuel account has risen from 1.36 to 1.68, and 
from 1.13 to 1.55 lbs. per horse-power and per hour for non-con- 


densing and for condensing engines. 


These changes are best 


seen on the curves; the lower sets being those for the real 
engine, and the differences being best exhibited by the shaded 
areas separating the pairs on the second plate. 

It will be seen that the effect of this introduction of wastes in 
the ideal as in the real engine, is to reduce greatly the ratio 
of expansion giving maximum efficiency, and to make variation 


from that ratio of maximum efficiency more seriously produe- 
tive of loss; while at the same time making the differences 
between the several cases less than in the ideal engine. The 
following are the values of the ratios for maximum efficiency 
and for minimum steam aud water consumption for the cases 


taken : 


~ 


Case. 


COMPOUND JACKETED ENGINE. Zs 


Pi = 20; pe = 5 and 16; variable. 


Non-Con DENSING. CONDENSING. 
Ideal Real Ideal. Real 

11 8.5 32 
11 8.5 32 17 

13 9.5 4 38 21 

12 14.75 8.5 12 

1.35 | 1.68 | 1.55 


The last given figures for r have no other than speculative 
interest, as the only important question is at what ratio will 
the least heat be demanded from the fuel ? 

The better the conditions of construction and operation of thie 
eagine, and the less the difference between the two sets of cases, 
the nearer will the value of the ratio of maximum efficiency and 
minimum expenditure of steam and of fuel approach a common 
value—that for the ideal case. The wastes assumed in the above 
computation are probably capable of being reduced, by careful 
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drying or moderate superheating of the steam, and by adopting 
high speed of engine, to one-half these proportions. The figures 
here computed have been actually approximated by some of our 
best constructors when using steam pressures one-half those 
here assumed. It ought to prove practicable, one would think, 
to bring the water-consumption by the adoption of these high- 
pressures, and by further dividing the wastes by the use of three 
or four cylinders in series, and by properly supplying dry steam 
to the engine, down to within 10¢ of the best figures here 
obtained for the ideal case. This is, however, pure speculation, 
and the main interest attaching to these results comes of their 
clear illustration of the method by which efficiency varies with 


variation of the quantities entering these computations. 

In computing probable wastes by the real engine, either the 
methods here adopted as first proposed by the writer, or that 
lately suggested by Professor Cotterill, or that adopted by Pro- 
fessor Marks, may be used. Either, if the method of use and the 
constants employed are rightly taken by reference to experiment, 


will give substantially similar, and probably satisfactory results. 
The method employed by Mr. Buel and approved by Professor 
Smith, also, for the usual case, will serve conveniently and fairly 

well for applying corrections to the thermodynamic problem in 
the attempt to adapt it to the real case.* 

The real measure of the useful power of an engine is not the 
indicated power, however, but the dynamometric power, as meas- 
ured by the brake, or at the point at which the engine delivers its 
energy to the machinery of transmission. A well-built non-con- 
densing engine should have an efficiency of machine at least as 
high as 92.5%, and engines have been constructed doing better 
than this. An equally well-built condensing engine should ap- 
proximate 90¢ efficiency of machine, though 85 is a much more 


* For these quantities and equations, see papers in earlier numbers of the | 
Transactions of the A. S. M. E., the late new edition of Professor Cotterill’s 
admirable treatise on the steam-engine, the papers of Mr. R. H. Buel in the 
American Machinist, and those of experimentalists referred to by these several 
writers, and especially as summarized by Professor Cotterill. The constants here 
taken are obtained by assuming the single cylinder to have the general propor- 
tions and speed of piston of the Sandy Hook engine, the gain by jacketing to be 
about as found by Emery and a number of other investigators, including the 
writer, and the loss in multiple-cylinder engines to be substantially that of one 
cylinder. Engineers familiar with a different practice may assume a correspond- 
ingly different set of constants. 
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common figure. Taking these maximum values for the two 
machines respectively, the last table becomes modified thus ; 


COMPOUND JACKETED ENGINE, 


Data as above. 


NoN-CON DENSING. 


Ideal. | Real. 


r for Maximum Efficiency 
Water per D. H. P 
Fuel 


It is apparently doubtful whether a vacuum will be found 
desirable, with its concomitant costs for the air-pump system, 
when we come to the utilization of these high pressures, unless’ 
we can at the same time find a way to reduce its wastes of power 
and the tax thus imposed upon the engine. 


DISCUSSION, 


Mr. Geo. H. Barrus.—I notice in Prof. Thurston's valuable 
paper that the tables which he gives are based upon estimates — 
of cylinder condensation in which he uses the constant .15 fora 
simple jacketed engine, in the formula ¢ = .15 Vr, which is his | 
formula for working out the wastes by cylinder condensation. 
This constant is the same as the professor used in a previous” 
paper on “Philosophy of the Multi-Cylinder, or Compound 
Engine,” which was read at the New York meeting in November, © 
1889. In a criticism of the paper which I presented. and which 
may be found in Vol. XI. of the Transactions, 1890, I drew — 
attention to the results of a large number of tests which IT had 
made on the class of engines to which Prof. Thurston referred, 
and I pointed out that in an average of these tests, the constant, 
which is applicable to the real performance of engines, was very 
different from the one which Prof. Thurston had taken, and I 
threw some doubt upon the applicability of the Sandy Hook 
experiments, by which this constant was obtained, as represent- 
ing ordinary good practice. In view of this criticism, which, 
in the professor’s closing reply, he seems to have accepted as 
being a tenable one, it is greatly to be regretted that he did | 
not use some other constant in working up the tables of the _ 


KOO 
| CONDENSING. 
Case. | 
Ideal. | Real. 
11 8.5 82 17 
13 16 8.5 13.5 
. 
2 
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present paper than the one referred to. I am aware that in 

a foot-note he states that other engineers can employ any con- 
stant which they see fit, and therefore adapt the tables to their 
own practice; but, in spite of this, it would have been of much 
greater interest and value if the professor had done this in his 
paper. More so, perhaps, because the constant which he uses 
appears to be erroneous, and no reliable conclusions can be drawn 
from it. Ishould be glad on my part if Prof. Thurston would 
review his paper, and give the results of computations based 

on some different constant more in accord with what seems to 

be better practice, and incorporate the results with those which 
he has already given in the paper. I dare say that a different 
constant would make a considerable difference in the relative 

_ showing of the different cases which he works out. 
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APPLICATION OF HIRN’S ANALYSIS TO MULTIPLE. 
EXPANSION ENGINES. 


BY PEABODY, BOSTON, MASS. 


(Member of the Society.) 


THE application to simple engines of Hirn’s theory, or, more 
properly, of Hirn’s analysis of the interchange of heat between 
the steam and the walls of the cylinder, is now familiar to the | 
engineering profession, through the labors of Hirn, Hallauer, 
Dwelshauvers-Dery, Mair, and others. But the writer has not 
been able to find a clear and correct statement of the analysis — 
for compound and multiple-expansion engines. Applications of | 
the analysis to compound engines are given by Hallauer in the — 
form of numerical calculations only, and he contents himself 
with finding the heat rejected from the walls of the cylinder 
during exhaust. Among the very important tests on large | 
engines reported by Mair+ are several on compound engines, — 
but he has united in one term the algebraic sum of the quantity | 
of heat absorbed by the low-pressure cylinder walls during 
admission, and that yielded during expansion, a quantity which 
in his tests is sometimes positive and sometimes negative, and 
which does not appear to have any physical meaning. | 

The statement of the analysis given here is a development of 
those given by Dwelshauvers-Dery { and Mair, making use of | 


expansion engine in the engineering laboratories of the Massa-_ 
chusetts Institute of Technology. 


Mechanical Engineers, and forming part of Volume XII. of the Transuctions. 
+ Proce. of the Inst. Civ. Engs., Vol. UXX., p. 313; Vol. LXXIX., p. 328 
t Revue Universelle des Mines, Vol. VIIL., p. 362 ; 1880, also Proc. Am. Mech. 
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SIMPLE ENGINES. 


Suppose that J/ pounds of steam are admitted to the cylinder 
of asimple engine per stroke, having in the supply pipe the press- 
ure )) pounds per square inch absolute, and the quality x ; 7. e., 
each pound is x part steam mingled with 1—z part water. The 
heat brought into the cylinder per stroke, reckoned from freez- 
ing point, is 


in which ¢ is the heat of the liquid and r is the latent heat of 
vaporization. Should the steam be superheated in the supply 
pipe to the temperature ¢,, then 


in which ¢ is the temperature of saturated steam at the pressure 


_ p, and c, = 0.4805 is the specific heat of superheated steam at 
constant pressure. 


... . (2) 


Let the heat equivalent of the intrinsic energy of all the 
water and steam in the cylinder at any instant be represented 
by 1 Let J/, be the weight of steam caught in the cylinder at 
compression. Then we shall have poe ** 


at cut-off = (M+ Mo) (a (4) 
q at release 1, = (M+ M) (g2 + (8) 


at compression = My (q; + 25 Ps). 


in which, diy Js» ANA Pry Pir Py aNd are respectively the 
heats of the liquid, and the internal latent heats, or heat equiv- 
-alents of the internal work, at the absolute pressures p, p,, pn, 
and p, measured on the indicator diagram, at admission, cut-off, 
release, and compression. 
If the work under any line of the indicator diagram, reckoned 
from a perfect vacuum, is represented by Wand if 1 is the 
reciprocal of the mechanical equivalent of heat (equal to ~1,), 
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then the heat equivalents of the external work done by or on 
the piston are 

during admission AW 

during expansion AW, 

during exhaust A W, 


during expansion AW, 


Usually heat is absorbed by the walls of the cylinder during 
admission of steam and up to the point of cut-off, heat is yielded 


during expansion and during exhaust, while the interchange 
during compression is uncertain. It is possible that the walls 
may receive heat during expansion, and it is conceivable that 
they should give heat to the steam during the entire cycle; con- 
sequently it is convenient to affect all of the interchanges of 
heat by the same sign and to assume that heat absorbed by the 
wall is positive ; in the solution of examples a negative sign 
will then mean that heat is yielded by the walls. 
The interchanges of heat may be expressed as follows : 


during admission .... (7) 


a 
during exhaust Q. = I, — 1;— My, — (qx — +A W.19) 


during compression ... . . 10) 


In equation (9) the expression Jf), represents the heat carried 
away by the condensed steam flowing away from a surface con- 
denser at the temperature ¢,, and G@ (q, — gq) represents the heat 
carried away by G@ pounds of cooling water, which enters with 
the temperature ¢; and leaves with the temperature ¢,. 

Let the volume of 1 lb. of water in cubic feet be o, and 
let the increase of volume due to vaporization be ~, so that the 
volume of 1 lb. of dry steam is w+ o, while the volume of 
1 ib. of moist steam is au+o. Let the volume of the clear- 
ance of the engine be Il’, cubic feet, and let the volume devel- 
oped by the piston at cut-off and release be J, and J, while 
the volume remaining at compression is V; + The volumes 
of the mixed fluid in the cylinder are : 


At admission Vi= 
At cut-off M)(am+o). . (12) 
At release (M+ 6) (13) 
At compression V, V3 = My, +o)... . (14) 


— 
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An examination of the three groups of equations (3) to (6), (7) 
to (10), and (11) to (14), will show that all that is requisite for 
an entire solution of our problem is the knowledge of the quality 
of the steam at one of the four events of the cycle. It is cus- 
tomary to assume the steam at compression to be dry and satu- 
rated, or that 2; is unity. Such an assumption gives for the 
weight of steam at compression, 


V+ 


in which y, is the density or weight of one cubic foot of satu- 
rated steam at the absolute pressure at the beginning of com- 
pression. 

Applying this result to equations (11) to (13), gives 


V, 
% = —- 
Uy 


V, + o 
(M+ M,) u 
Vot+ V; 


“(H+ 


Having the quality of the steam at admission, cut-off, and release, 
the several values of J at these points and at compression may 
be found from equations (3) to (6), and finally the interchanges 
of heat may be calculated by aid of equations (7) to (10). It 
‘may happen that the assumption of dry steam at compression 
may make the steam in the cylinder at admission appear to be 
superheated, i. @., & Will appear to be larger than unity; in 
such case it will be convenient to assume the steam to be satu- 
rated at admission also. The superheating is commonly small, 
and the error from the assumption of dry steam at compression 
and at admission is believed to be insignificant. In some of the 
tests to be quoted later, the steam in the intermediate and low- 
pressure cylinders is superheated at release by the action of 
jackets supplied with steam at the boiler pressure. In such 
_ case the intrinsic energy of one pound of superheated steam may 
be caleulated by aid of the equation.* 
E=3 pv + 778 x 857.2 . 


— 


: + * Thermo-dynamics of the Steam Engine, p. 128, by the author. 
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in which vis the specific volume in cubic feet, and p is the press- 
ure in pounds on the cubic foot. Which will give at release 


3 3 


= + 857.2 .. . . (20) 


in which p. is the absolute pressure per square inch at release. 

Let the heat lost by radiation, condensation, etc., be Q,, and let 
(; be the heat supplied by the steam jacket when one is used. 
If the jacket is supplied by a separate pipe, or if in any way the 
water condensed therein can be withdrawn and measured, the 
value of (; is readily determined for any test; Q, may be deter- 
mined by collecting the condensation in the jackets while the 
engine is at rest. 

Of the heat supplied to the cylinder per stroke, a part is 
changed into work, a part is carried away by the condensed 
steam and the ecoling water, and the remainder is lost by radia- 
tion; therefore 


= . 2h 


in which W is the work represented by the area of the indicator 
diagram or 


W= Wi+W+W.+ W, 

iia (21) may be used to calculate Q, when it cannot be 
determined directly, but such a calculation is vitiated by all the 
errors of determining the several quantities in that equation. 
When Q, is determined directly, equation (21) may be considered 
a check on the accuracy of the determination of all the quan- 
tities appearing in it; it is not a check on the determination of 
the interchanges by equations (7) to (10). 

If a test is made on a non-condensing engine, or if for any 
reason the terms depending on the condenser cannot be deter- 
mined, then these terms may be eliminated from equation '‘)) by 
ace of equation (21), giving 


It may be of interest to note that this equation is equiva- 
lentto Hirn’s direct determination of the exhaust waste, «nd 
that equation (9) is equivalent to his second determination 

or check. It is hardly necessary to call attention to the fact 
that such a check appears much more striking in an arith uet- 
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ical calculation than in the algebraic statement of the analysis. 
Exception must be taken to the idea that the exhaust waste can 
be considered as a test of the efficiency of an engine While 
it is true that a large exhaust waste causes a poor economy, the 
extinction of the exhaust waste, by lavish use of steam jackets or 
otherwise, may be dearly bought. This is well shown by Mair’s 
tests. 


COMPOUND ENGINES. 


The equations (7), (8), and (10), with equation (23), may be ap- 
plied directly to the high-pressure cylinder of a compound 
engine, giving 

1, = A W,, . . . . . (25) 


By aid of equation (21) the term Q may be eliminated from 
the equation for the interchange of heat during admission; the 
other equations, (8) to (10), can be used unchanged in form. 
The interchanges of heat in the low-pressure cylinder can then 
be found by the equations 

These equations may be applied to any compound engine, 
whether it has a receiver or not, and without taking account of 
the loss or gain of heat experienced by the steam passing from 
= high to the low-pressure cylinder. Thus it may be applied 
_ when there is a reheater between the cylinders, even though the 
heat thus imparted is not determined. It is apparent that this 
7 method cannot be extended to a triple-expansion engine. sm 


MULTIPLE-EXPANSION ENGINES. 


For multiple-expansion engines the following method may be _ 
used. The heat rejected by the high-pressure cylinder during 
exhaust is 


Q+Q-AW- 
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This heat passes into the first intermediate cylinder, and from 
there, with the gain or loss experienced, proceeds to the next 
cylinder. The sum, or difference, may be taken for (, the heat 
brought into the next cylinder per stroke. The same operation 
may be applied to each successive cylinder, and the final result 
may be checked by aid of the data depending on the condenser. 

Compound and multiple-expansion engines, having various ar. 
angements of steam-jackets and reheaters, will require special 
modifications of the form of the analysis. If two or more steam- 
jackets have a common drain or if steam is passed in succession 
through several jackets, then the distribution of the heat among 
the several jackets must be determined or estimated. 

The equations for the interchanges of heat in the triple en 
gine of the Massachusetts Institute of Technology are as follows, 
the terms Y., and Q, representing the heat radiated from the 
surface of an intermediate receiver and the heat supplied by 
condensation of steam in the jacket of such a receiver : 

Q.= W.) . . (36) 


High-pressure cylinder, 


Intermediate cylinder, 
(39) 
. 
=f,—+AW, .. . (42) 


746 
a 

| 


APPLICATION OF HIRN’S ANALYSIS. 


or = 1's — 1's— My —G + 
. 
Finally, 
FQ = Q+ Vern t+ Vert B+ Gat 
+ Qir+ —Ma— 6 (qq) —A(W+ W + (49) 


APPLICATION OF ANALYSIS TO INSTITUTE OF TECHNOLOGY ENGINE. 


The experimental engine in the engineering laboratories of the 
Massachusetts Institute of Technology is a three-crank horizon- 
tal triple-expansion engine with two intermediate receivers, 
built by E. P. Allis & Co., of Milwaukee. The receivers and 
the cylinders are thoroughly steam-jacketed by separate pipes 
from the main steam-pipe, and drain individually into five re- 
ceptacles for gathering and measuring the condensation. The 
jackets on the heads and barrels of the cylinders can be applied 
separately or together. Reducing valves are arranged to supply 
the jackets of the second receiver and the intermediate and low- 
pressure cylinder with steam at less than boiler pressure. The 
cranks are usually set 120° apart, the high-pressure crank lJead- 
ing, but the angle between the cranks can be varied. Steam is 
supplied to the engine through a 6-inch pipe carried under 
ground about 1,000 feet from the Rogers Building. Con- 
densation is withdrawn from the pipe when it enters the 
building, and for further precaution the steam is passed through 
a Stratton separator on the way to the engine. The quality of 
the steam is determined near the throttle-valve by a throttling 
calorimeter. The exhaust from the engine is led to a surface 
condenser, beneath which is a Blake direct-acting air pump 

which discharges the condensed steam in weighing tanks. The 

automatic governor is arranged to control the cut-off of any or 
all of the cylinders ; or, when the automatic gear is disconnect- 
ed, the eut-off may be varied by hand. During all of the tests 
the governor controlled the cut-off of the high-pressure cylin- 
der, and the cut-off on the other cylinders was adjusted 'to give 
expansion down to the back pressure line in the high-pressure 
and intermediate cylinders. The low-pressure cylinder has two 


wrist plates, so that the cut-off may be made longer than half 


stroke. The piping of the engine is arranged so that it may be 
run in several combinations ; before making a test or series of 


_ tests all valves are arranged and tested to guard against leakage. 
48 
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The mein dimensions of the engine are as follows: __ 


Diameter of the high-pressure cylinder 9 
Diameter of the intermediate cylinder 

Diameter of the low-pressure cylinder 

Diameter of the piston-rods 

Stroke 


inches. 


Clearance in per cent. of the piston displacements : 
High-pressure cylinder, head end, 8.83; crank end, 9.76 

_ Low-pressure 11.25 8.84 


The following table gives the data and results of form tests 
made for the application of Hirn’s analysis, by the class grad- 
uating this year: 


Duration of test, minutes 

Total number of revolutions. ......... 

Revolutions per minute.... 

Steam consumption during test, pounds : 
Passing through cylinders. ; 
Condensation inh. p. jacket.. .... é 50 

in Ist receiver jacket 64 

$i in inter. jacket 5 92 
in 2d receiver jacket) 4k 50 
in p. jacket | 


Total 8 | 1489 5 | 1650 
Condensing water for test, pounds..... 22847 = (22186 ‘ 20252 
Priming, by calorimeter 0.018 0. O11) 0) 
Temperatures, Fahrenheit : | 

Condensed steam 95.4 92. 2.4 105 
Condensing water, cold . 41.9 | 42. 3. 42 
Condensing water, hot 109.6 
Pressure of the atmosphere, by the 
barometer, pounds per square 


Boiler pressure, pounds per square inch, 
absolute 


cury 
Events of the stroke: 
- High-pressure cylinder— 
Cut-off, crank-end 
& head-end 
Release, both ends........ ... 
Compression, crank-end 
head-end 
Intermediate cylinder— 
Cut-off, both ends 
Release, both ends 
Compression, crank-end 
head-end 
Low-pressure cylinder— 
Cut-off, crank-end....... 
head-end 
Release, both ends 


oto 


ROS OOK 
Ste 


— 
748 
— 
: 60 60 
178 5148 
86.2 
234 | 1305 
at 
29 | 
69 72 
97 105 : 
52 | 51 
90 R7 
| 10.9 | 157.7 
25.0 251 | 24.1 23.9 
0.245, 0.288 
205 0.271) 0.305 
00 1.00 1.00 
).05 0.04 0.04 
).05 0.05 0.05 
).29 0.29 0.29 
100 1.00| 1.00 
).03 0.08 0.03 
).04 | 0.04 0.04 
).38 | 0.38 0.38 
).89 0.39 0.39 
1.00 1.00 1.00 


Absolute pressures in the cylinder, | 
pounds per square inch: 

High-pressare cylinder— 
Cut-off, 
Release, crank-end ........... 
Compression, crank-end....... 
head-end....... 
Admission, crank-end......... 

hbead-end........ 
Intermediate cylinder— 

Cut-off, crank-end ........... 
Release, crank-end............ 
Compression, crank-end... ... 
head-end....... 
Admission, crank-end......... 
head-end......... 

Low-pressure cylinder— 
Cut-off, crank-end ........... 
Release, crank-end............ 


Co ssi 
crank-end..... 


and 
\ head-end ..... 


eg nts of external work, B. 


from areas on indicator 
jae to line of absolute 
vacuum: 


High-pressure cylinder— 
During admission, A W,, crank-end 
head-end 
During expansion, A W,, crank-end 


head-end 
During exhaust, A W., crank-end 


APPLICATION OF HIRN’S ANALYSIS. _ 749 


During compres’n, A Wa, crank-end 


head-end | 
Intermediate cylinder— 
During admission, A W, a, crank-end 
head-end 
During expansion, A W,, crank-end 
head-end 
During exhaust, A W, crank-end 
head-end | 
During compres’n, A Wa, crank-end 
head-end | 


head-end | 


Low-pressure cylinder— 
During admission, A W.,, crank-end | 
head-end | 

During expansion, A W,, crank-end | 


head-end 
During exhaust, A W., crank-end 
head-end 

During compres’ n, A Wy, crank-end 

head-end 


I. Il. III. Iv. 
145.9 145.9 138.8 138.3 
143.2 143.1 140.3 140.6 
41.3 41.5 44.7 48.4 
41.5 40.5 45.7 49.8 
43.7 45.3 48.5 53.2 
48.7 47.9 54.5 62.0 
64.5 68.8 72.2 81.2 
185.3 74.8 86.7 97.8 
$7.2 37.6 38.6 40.9 
85.0 85.3 89.6 42.6 
18.6 14.2 14.7 16.0 
13.4 13.8 14.9 16.0 
16.3 17.3 18.2 19.0 
17.9 18.8 20.3 22.4 
20.4 20.8 22.2 23.1 
21.1 22.8 24.2 26.7 
12.1 12.6 12.4 13.2 
12.0 12.4 13.1 14.0 
5.6 | 5.1 5.7 
5.4 | 5.8 5.9 6.4 
3.7 | 3.8 4.1 4.2 
4.3 4.5 46) 4.2 

| 

5.78 7.00 8.19 
6.61 6.37 8.42 9.50 
10.65 10.76 10.40 10.25 
10.81 11.04 11.22 11.09 
7.89 | 8.44 9.02 
8.08 8.15 9.04 9.66 
0.48 | 0.60 0.49 0.7% 
0.62 0.64 0.73 0.81 
7.58 7.57 7.98 8.64 
7.43 7.55 8.46 9 10 
9.54) 9.54 9.91 10.64 
9.22 | 9.31 10.37 11.14 
9.27 9.47 9.64 10.54 
9.27 9.47 10.18 10.84 
0.39 0.43 0.57 0.46 
0.60 0.70 0.78 0.84 
7.75 7.95 8.33 8.97 
7.99 | 8.19 8.66 9.39 
6.83 | 7.10 6.86 7.45 
6.87 | 7.12 7.34 7.87 
5.08 5.08 | 4.62 | 5.09 
5.08 | 5.16 4.81 5.00 
0.00 | 0.00 0.00 0.00 
0.00 0.00. 0.00! 0.00 
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Quality of the steam in the cylinder: 
At admission and at compression 
the steam was assumed to be dry 
and saturated ; 

High-pressure cylinder — 


0.784 
At release .. 899 0.903 
Intermediate cylinder— 


At cut-off as . 899) 0.912 


At release 0.994) super- 
heated. 
Low-pressure cylinder— 
At cut-off 0.978) super- 
heated. 
2...) super- super- 
| heated. | heated, 
Interchanges of heat between the steam | 
and the walls of the cylinders, in | 
Bb. T. U. Quantities affected by | 
the positive sign are absorbed by 
the cylinder walls; quantities 
affected by the negative sigu are 
yielded by the walls. 
High-pressure cylinder— 
Brought in by steam --| 182.92 
During admission 
_ During expansion 
During exhaust 
During compression 
Supplied by jacket 
by radiation 
First intermediate receiver— 
Supplied by jacket 
Lost by radiation 
Intermediate cylinder— 
Brought in by steam 
During admission 
During expansion............ 
During exhaust 
During compression 
Supplied by jacket 
by radiation 
Second intermediate receiver— 
Supplied by jacket 
Lost by radiation 
Low-pressure cylinder— 
Brought in by steam 
During admission............ 
During expansion .... de 
During exhaust.............. 
During compression 
Supplied by jacket. 
Lost by radiation 
Total loss by radiation: 
By preliminary test........ 
By equation (49) 


4 


0.848 
0.920 


0.906 
super- 
heated. 


0.970 


0.970 


141.11 


Super- 
heate 


140. 


750 
| Il. 111. 
0.875 
0.981 
iS 
74 
0.974 
| 
| 
q 
| 
3 
15.33 | — 14.03 
-3.50 — 2.38 
0.49 0.52 
7 2.39 2.50 
- 1.54 1.54 
5.67 5.95 
0.59 
37.87 146.64 
11.33 11.75 
90.30 | — 21.88 
i 2.88 3.41 
0.62 0.59 
2.50 2.51 
4.27 4.22 
1.23 1.24 
88.61 | 147.33 
5.57) 5.29 
-8.65 | — 10.13 
-1.44 — 0.11 
0.00 0.00 
7.41 7.14 
4.45 4.47 
10.31 10.35 
8.75 8.07 
ot 


Power and economy: 
Heat equivalents of works per stroke: 
High-pressure cylinder....A W .. 
Intermediate cylinder .....A W ..| 
Low-pressure cylinder.....A4 W".. 


Total heat furnished by jackets. ..... 
Distribution of work: 
High-pressure cylinder 
Intermediate cylinder 
Low-pressure cylinder 
Horse-power 
Steam per horse-power per hour 
B. T. U. per horse-power per minute, 


An investigation of the results in the table shows that 
the difference in economy depends on the cut-off of the high- 
pressure cylinder, which is at about | stroke for the first 
two, and at about } stroke for the last two. The quanti 
ties that are most notably affected by the change of cut-off 
are the heat furnished by the high-pressure jacket and the 
condition of the steam, and interchanges of heat in the high- 
pressure cylinder. Thus the heat supplied by the high- 
pressure jacket for the tests, with the cut-off at | stroke, is 
about half that furnished in the tests at | stroke; which 
finds explanation or confirmation in the facts, that the steam 
is much dryer at cut-off with the longer cut-off, and that both 
the heat absorbed and yielded by the walls of the cylinder is 
notably less with that cut-off. The general accuracy and cor- 
rectness of the tests is shown by the comparison of the total 
radiation, as found by collecting and weighing the jacket con- 
densation when the engine was at rest, and by calculating the 
same by aid of the terms depending on the condenser. As has 
already been pointed out, this does not serve as a check on the 
interchanges of heat, but the regularity of the results for the in- 
termediate and low-pressure cylinders must be considered to be 
Very satisfactory, especially when it is remembered that any 
error made in work on the high-pressure and intermediate cyl- 
inder is carried on through all the remainder of the test. It may 
not be out of place to call attention to the fact that the four 
tests were made by four divisions of the class, and to say that 


— 
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| | | IV. 
| 
3.44 8.34 9.17 9 52 J 
7.12} 6.95 7.77 | 8.42 
) 64 10.06 10.87 11.79 
5.20 25.35 27.81 29.73 
7.58 27.02 27.71 28.45 
| ! 
1.00 1.00 1.00 1.00 
). 84 0.83 | 0.85 0.88 
1.14 1.21] 1.19 1.24 
19 104.2 113.1 | 120.3 
1.65 14.31 | 13.90 13.73 
3.3 252.8 | 244.6 | 241.1 ; 
7 
i 
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carelessness or inaccuracy of a single observer might readily de- 
range all the results of the test. 

It is notable that the steam becomes dryer in its course 
through the engine, under the influence of the thorough steam- 
jacketing, with steam at boiler pressure, and that it is practi- 
cally dry at release, in both the intermediate and low-pressure 
cylinders. In some of the tests it appears to be superheated 
at this point, and in one, even at cut-off in the low-pressure cyl- 
inder. The superheating is in no case large, and as it is accom- 
panied by a small positive value for Q., the exhaust-waste, it may 
” that the steam was really dry and saturated at those points, 
though superheating by jackets filled with steam at so high a 

pressure i is not impossible. Since a positive value for (, indi- 
cates that the walls absorbed heat during exhaust, such a result, 

if large, would be absurd ; but in these tests it may properly be 
looked upon as the error, being in no case larger than about two 
per cent. of the value of Q; if the steam at release is either dry 
or superheated, the value of Q,. must be very small or zero. 

It is most remarkable that the heat furnished by the jackets is 
nearly as large in amount as-that changed into work in the tests 
with the cut-off at } stroke, and is actually larger for the tests 
with the cut-off at | stroke. Also, that the heat lost ‘by radia- 
nes is one-third as much as the heat changed into work, if not 

more; the engine being arranged for convenient experimental 
_ work, probably has an unusually large radiation, though it is 
thoroughly wrapped and lagged on all hot surfaces, | 
DISCUSSION. 

Prof. R. H. Thurston.—I think it will be found, on investiga- 
tion, that Prof. Peabody has here given the most complete 
analysis ever yet made of the operation of the steam engine, con- 
sidered as a thermodynamic machine. We were already indebted 
to him for his presentation, for the first time, in English, with 
satisfactory completeness, of the principles of the analysis of 
Hirn and Dwelshauvers-Dery. His book and this bit of work 
will stand as landmarks in the history of steam-engineering 00 
this side the Atlantic. He deserves our heartiest thanks. I am 

glad to see that, in turn, he does not forget our indebtedness to 
_M. Dwelshauvers, who developed the ideas of our old friend 
Hirn in algebraic language. 
~ 


The paper is too long and too important to permit an intelli- 
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gent criticism until time can be taken for careful and deliberate 
study. But we can at once see that its author, taking advan- 
tage of the opportunities now so abundantly offered in the 
large schools of engineering, to secure the help of intelligent, 
well instructed and reliable computers, has given us a set of fig- 
cures which will throw more light on the internal thermodynamic 
operations of the modern engine than could be obtained from all 
the rest of our literature on the subject taken together. In this 
he is fortunate in being able to avail himself of all the advan- 
tages of a well-designed and beautifully made “ experimental 
engine,” on which he may ring all the changes desirable in the 

pursuit of his researches. Iam especially pleased to get these 

results at this time ; as I have felt some anxiety as to the real 
economic value of the engine, of which a duplicate, as to general 


able to pull a little ahead of these figures, but am not at all con- 
fident ; the less so since | have seen these details of heat-trans- 


dimensions, and in many details, is under construction, under 
, my order and contract, for Sibley College. 1 hope we shall be 


fer and transformation. To do better than this, means a great 
I ne that the best work is done at the lower grade of expan- 
sion ; and this fact makes it very desirable to carry out an investi- 
gation determining the ratios of _pennen giving maxima for the 
several efficiencies. The large loss by radiation is a surprise to 
me, and indicates the desirability in this class of engine of provid- 
ing with exceptional care for its reduction by thoroughly cloth- 
ing the cylinders—and I should say steam-pipes as well. 
The heat supplied by the jackets is a very large proportion of 
_ that passing through the engine, and this would seem to show the 
desir: bility of even here moderate superheating, in 
order that the re-evaporation may become complete still earlier, 
and thus insure that the jackets will not give up too much heat 
_ during the expansion period, and especially during its later 
stages and during exhaust.. Here I think, Dwelshauvers to the 
contrary, notwithstanding, that some superheating would give 
advantages which would be superposed on those of the jacket- 
ing. I should judge, however, that the ratio of expansion here 
_ adopted and the power developed are, respectiv ely, too large and 
too small for the best results, for this engine, even thermody- 
namically, and as a matter of finance considerably removed from 
those which would be adopted by the designer, if familiar with 
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the principles involved. We shall all be interested in later re- 
ports, should Prof. Peabody be able to present them, showing the 
working of the engine at twice this power and at intermediate 
powers. The machine will, I have no doubt, be made to give us 
much and most valuable information on all the new and obscure | 
points of steam-engine thermodynamic operations. We have 
come to a point in this field of research at which only such 
stethoscopic methods—if that term is allowable—can give us 
much new light. 

Prof. Peabody.—In answer to Prof. Thurston’s very compli- 
mentary comments of this paper, I will say that some tests 
made with greater power developed show a somewhat better 
economy, and that we hope to do better still; he may well 
expect to “ pull a little ahead” of our results given here. . 

No one who is familiar with the work of Hirn and his school 
‘an fail to appreciate its importance and value. We should 
not, however, lose sight of the fact that the most important 
question concerning a steam-engine is its commercial economy, 
which can be stated in simplest terms, 7. e., the cost in pounds of 
steam per horse-power per hour, or better, in thermal units per 
horse-power per minute. That is finally the test of the perform- 
ance and value of a steam-engine; and while Hirn’s masterly 
analysis of the transformations of steam and heat in passing 
through the engine, gives us light, where before much was blind 
groping, it has not, and perhaps cannot, give us a direct solu- 
tion of the best design for a given combination. 
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THE PREMIUM PLAN OF PAYING FOR LABOR, 


ae: 
BY F. A. HALSEY, SHERBROOKE, P. Q., CANADA. a 7 


(Member of the Society.) an = 


Tuts plan has been devised in order to overcome the objections 
inherent in the other plans in general use. It accomplishes this 
purpose without introducing corresponding objections of its own. 
Its merits are best shown by contrasting it with the other plans 
in common use, and it will be discussed with them in the following 
order : SS 4 

IT. The piece-work plan. ya ati 

IV. The premium plan. om 

I, THE DAY’S-WORK PLAN. 


Under this method the workman is paid for and in proportion 
to the time spent upon his work. The objections to the plan are 
well known. Analyzed to their final cause, they spring from the 
fact that any increase of effort by the workman redounds solely 
to the benefit of the employer, the workman having no share in 
the consequent increase of production. He has consequently no 
inducement to exert himself and does not exert himself. Under 
this system, especially in a manufacturing business, matters 
naturally settle down to an easy-going pace, in which the work- 
‘men have little interest in their work, and the employer pays 
extravagantly for his product. 


q 
Under this plan the workman is paid for and in proportion to the 
Amount of work done. It is a natural attempt to overcome the 
objections to the day’s-work plan. It has the appearance of being 


resented at the Providence meeting (1891) of the American Society of 
Secunia Engineers, and forming part of Volume XII. of the Transactions. 


* 
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just and of being based upon correct principles. Nevertheless, 
extended inquiry has convinced the writer that it seldom works 
smoothly, and never produces the results which it should. 

An employer who has become dissatisfied with the results of 
the day’s-work plan, and decides to adopt piece work, usually 
reasons that work which is costing in wages, say one dollar per 
piece, could, with some extra effort, be produced on the existing 
scale of wages for about eighty cents; and desiring to give the 
workman some inducement offers him ninety cents per piece, 
thereby dividing the expected saving with him. The trouble be- 
gins at once. The workman does not believe that he can “ make 
wages’ at the rate offered, and objects. He is, however, finally 
induced or compelled to try it, and immediately proceeds to as- 
tonish himself and all others by increasing his output far beyond 


the expected 25%, [lis earnings increase with startling rapidity, 
but the cost of the work remains where set, at ninety cents per piece, 


and the employer soon finds that instead of a substantially equal 
division of the savings he is getting but little, and the workman 
practically all of it. He accordingly proceeds to cut the piece 
price, and the fatal defect of the system appears. This cut is in 
appearance and in fact an announcement to the workman that lis 
earnings will not be allowed to exceed a certain amount, and that 
should he push them above that amount he will be met with another 
cut. Cutting the piece price is simply killing the goose that lays 
the golden egg. Nevertheless, the goose must be killed. With- 
out it the employer will continue to pay extravagantly for his work; 
with it he will stifle the rising ambition of his men. The difli- 
culties of the day’s-work and piece-work plans are thus seen to 
be the exact antitheses of one another. Analyzed to their final 
cause, the difficulties with the piece-work plan spring from thie 
fact that the piece price once set, any increase of effort by the 
workman redounds to his own benefit alone—-the employer having 
no share in the consequent saving of time. To obtain a share he 
cuts the piece price, with the consequences stated. Under this 
system matters gradually settle down as before to an easy-going 
pace in which the workmen approach the limit of wages as nearly 
as they consider prudent. Their earnings are somewhat more 
and the cost of the work is somewhat less than under the day’s- 
work plan, but there is no more spirit of progress than under the 
older method. The employer is constantly on the lookout for a 
chance to cut the piece prices, that being his only method of 
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reducing cost; and the men are constantly on the lookout to 
defeat the employer’s well understood plan, knowing, as they do, 
that any one who is so unwise or so unfortunate as to do an 
increased amount of work will be in effect punished for it by 
having his piece price cut and himself thereby compelled to work 
harder in the future for the old amount of income. The system 
makes the interests of the employer and employee antagonistic, 
and henee of concerted effort toward a progressive reduction of 
cost there is none. This I believe to be the usual and natural 
history of the piece-work plan. I know it to represent the situa- 
tion in some of the foremost machine shops of the country. An 
additional objection to the plan grows out of the fact that it 
requires a knowledge and record of the cost of each piece of a 
complicated machine, and oftentimes of each operation on each 
piece. This limits its range of application to products which are 
produced in considerable quantities. 


Ill. THE PROFIT-SHARING PLAN. 


This plan was originally devised in the effort to avoid the ob- 
jections to the two former plans. Under it, in addition to regular 


wages, the employees are offered a certain percentage of the final 
profits of the business. It thus divides the savings due to in- 
creased production between employer and employee, and at first 
sight appears to meet the difficulties of the plans thus far dis- 
cussed ; but, nevertheless, on analysis, will be found to be as 
defective as they, both in principle and application. The leading 
objections to the plan are the following : 

First. The workmen are given a share in what they do not earn. 
Increased profits may arise from more systematic shop manage- 
ment, decreased expenses of the sales department, or many other 
causes with which the workmen have nothing to do. Anything 
given them from such sources becomes simply a gift, the result of 
which is wholly pernicious—in fact the entire system savors of 
patronage and paternalism. 

Second. The workmen share, regardless of individual deserts. 
An active, energetic workman cannot have the same incentive to 
increased exertion under a system which divides the results of 
his efforts among a dozen lazy fellows at his side that he would 
have under one in which his earnings depend on himself alone ; 
ou the other hand, a lazy workman would naturally consider it 
much easier to take his portion of the earnings of his fellows than 
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to exert himself and then divide the results with all the others of 
the force. 

Third. The promised rewards are remote. The incentive can- 
not be as great under a system which computes and divides the 
savings once or twice a year as under one which pays out the 
extra earnings week by week. 

Fourth. The plan makes no provision for bad years. We hear 
- much of profit sharing, but nothing of loss sharing, And yet the 
workman cannot expect to share the profits while others assume 
the losses ; and, per contra, those who assume the risk of loss can- 


not be expected to share the profits with those who have nothing 
at stake. 


Fifth. The workmen have no means of knowing if the agree- 
ment is carried out. With their exaggerated ideas of the profits 


_ of business, the results must be in many cases disappointingly 
small, and they will doubt the honesty of the division. What is 
to be done in such a case? Invite the workmen to appoint a 
committee to examine the books, and report? Most employers 
will demur at this, and yet without it the employees can have 
no assurance of good faith; and were it done, what good could 
result? How many workmen's committees are there who are 
sufficiently versed in modern accounts to form any idea of the pro- 
_eeeds of the year’s business from an examination of the books? In 
this light the profit-sharing plan is seen to be an agreement be- 
tween two parties, the first of whom has every temptation and 
opportunity to cheat the second, while the second has no means 
of knowing if he has been cheated, and no redress in any case. 
In the present state of human nature this cannot be expected to 
be satisfactory to the second party. The fact that the plan has 
_worked with apparent success in some instances and for consider- 
able periods of time proves nothing. The most disastrous boiler 
explosions and bridge failures have been preceded by long periods 
of apparent safety. Even the Conemaugh dam held water for 
many years. It is a truism that the most rickety and unsafe devices 
often serve their purpose for long periods. At the beginning the 
workmen look on the amount received at the annual division as a 
bonus, and anything is better than nothing ; but later on they will 
look on it as theirs by right of having earned it, and the above 
situation is certain to arise. The fact is, that the profit-sharing 
_ plan is wrong in principle, and cannot be in any large sense 4 
solution of the wages problem. 


IV. THE PREMIUM PLAN. 


Taking up now the subject proper of this paper, it aims at a_ 
division of the savings due to increased production between the 
employer and employee, but by a direct method instead of the 
circuitous one of the profit-sharing plan. The plan assumes two 
slightly different forms, according to the nature of the work; one 
form being suited to work produced in such quantities as to be 
reducible to a strictly manufacturing basis, and the other form — 
to the more limited production of average practice. In both | 
forms the essential principle is the same, as follows: The time 
required to do a given piece of work is determined from previous © 
experience, and the workman, in addition to his usual daily wages, 
is offered a premium for every hour by which he reduces that — 
time on future work, the amount of the premium being less than > 
his rate of wages. Making tho hourly premium less than the ~ 
hourly wages is the foundation stone on which rest all the merits 
of the system, since by it if an hour is saved on a given product 2 
the cost of the work is less and the earnings of the workman are — - 
greater than if the hour is not saved, the workman being in _ 
effect paid for saving time. Assume a case in detail: Under the © 
old plan a piece of work requires ten hours for its production, 
and the wages paid is thirty cents per hour. Under the new plan 
a premium of ten cents is offered the workman for each hour 
which he saves over the ten previously required. If the time be 
reduced successively to five hours the results will be as follows: _ 


3 | 5 


Workman's 
Time consumed. | Wages > otal cost of work — earnings per 
od per piece. Premium = col, 2 + col. 3. hour = 
col. 4 + col. 1. 


10 5.00 


2. 2.60 
2.40 
2.20 


2.00 


) 
2. 2.80) j 

7 


work diminishes and the workman’s earnings increase together 
until, to cite the extreme case of tlie last line, if the output be 


This table illustrates the manner in which the cost of ~ 
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doubled, the wages paid per piece will be reduced 334%, but 
the workman’s earnings per hour will be increased 33}%. Were | 
the premium less than ten cents per hour, the reduction in _ 
cost for each hour saved would be greater, and the work-— 
man’s earnings less. 


On the other hand, the workman would 
have a smaller incentive, and the time would not be reduced 
so much. The output would be less, and the net result might 
be worse for both employer and employee. This raises the 
inevitable question: What should be the rate of the premium ? 
Nothing but good sense and judgment can decide in any case. — 
In certain classes of work an increase of production is accom- 
panied with a proportionate increase of muscular exertion, and 
if the work is already laborious a liberal premium will be re- 
quired to produce results. 


In other classes of work increased 
production requires only increased attention to speeds and feeds 
with an increase of manual dexterity and an avoidance of lost 
time. 


In such cases a more moderate premium will suflice. Any 
attempt, however, on the part of the employer to be greedy and 
squeeze the lemon too dry will defeat its own object, since if a 
trifling premium be offered, the workman will not consider it worth 
while to exert himself for so small a reward, and the expected 
increase of output will not take place. On the other hand, ifthe | 
premium offered be too high, the employer will simply pay more. 
than necessary for his work, though less than he has been paying. 

If the rate of premium is decided upon judiciously, it may and 
should be made permanent. No cutting down of the rate should 
ever be made unless, indeed, improved processes destroy thie 
significance of the first time base. 


Every increase of earnings is 
necessarily accompanied by a corresponding decrease of cost, 
and if the premium be such as to give these a satisfactory rela- 
tion, the workman may be assured that there will be no limit set 
to his earnings; that the greater they are the more satisfactory 
they will be to the employer. The importance of this cannot be 
too strongly insisted upon. If the premiums be cut the workmen 
will rightly understand it to mean, as under the piece-work plan, 
that their earnings are not to be permitted to pass a certain limit, 
and that too much exertion is unsafe. The very purpose of the 
plan is to avoid this by so dividing the savings between employer 
and employee as to remove the necessity for cutting the rate, and 
hence enable the workman’s earnings to be limited only by his 
own ability and activity. The baneful feature of the piece-work 
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plan is thus completely obviated, and instead of periodical cuts 

with their resulting ill-feeling, the premiums lead the workman 
to greater and greater effort, resulting in a constant increase of 
output, decrease of cost, and increase of earnings. 


The broad-minded employer will not fail to recognize that his 
own gain from the system comes largely from the increased pro- 
duction from a given plant, since not only does the system reduce 
the wages cost of the piece of work in hand, but in so doing it 
increases the capacity of the plant for other work to follow. The 
advantages from this source are so great as to render unnecessary 
any refined hair splitting as to the rate of the premium. 

Such is the premium plan, and the writer confidently predicts 
that the more it is studied the more perfect will appear its adap- 
tation to the requirements of industrial enterprise and human 


nature. Surely, a system which increases output, decreases cost, 
and increases workman's earnings simultaneously, without friction, 
and by the silent force of its appeal to every man’s desire for a 
larger income, is worthy of attention. In addition to the eom- 
manding features noted it has others of lesser note. The transi- 
tion to it from the day’s-work plan is easy and natural. It does 
not involve a reorganization of the system of bookkeeping, but 
only an addition, and a small one, to the existing system. No op- 
position to it, organized or otherwise, is possible, since there is 
nothing compulsory about it, and nothing tangible to oppose. It 
is simply an offer to gratify one of the strongest passions of 
human nature, and the difficulty often found in introducing piece — 
work cannot occur with this. 
In carrying out the plan in connection with work which has — 
been reduced to a manufacturing basis, the writer finds the fol- — 
lowing form of time ticket convenient : 
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- This ticket is issued by the foreman, the blanks at the top 
being filled up by him. If desired as a check he punches a hole on 
the line, indicating the hour when the work is given out, repeating 
the same when the work and ticket are returned. The record of 
the time is kept by drawing a line between the various hour marks, 
an operation which the most illiterate can perform.* The ticket 
provides for several days’ work, and is not returned until the work 
is completed, when it contains the record of the entire job.¢ On 
the back of the ticket is printed the following : 


“ According to previous experience this work should require 
hours. If completed in less time than that a premium of ... cents 
will be paid for each hour saved.” 


When the ticket is returned, a comparison of the back with the 
front shows the premium earned. This is entered opposite the 
workman’s name, in a book kept for the purpose, which is a com- 
panion to the usual time book or pay roll, On pay day the accrued 
premiums are paid to each workman along with the regular wages. 
The cost book is written up from the ticket in the usual way, 
except that as the ticket usually contains the record of several 
days’ work, the labor of keeping the cost book is much abridged. 

On work which, while produced as a regular product, is still not 
produced in sufficient quantity to justify recording the cost of 
each part, the premium offer is made to the group of men who 
carry out the work. The proposition is made as a posted notice, 
or otherwise in the following form : 


“ According to previous experience this work should require .. . 
hours. If completed in less time than that a premium of ... cents 
per hour saved will be divided among those working on the ma- 
chine, division to be in proportion to time spent on the work.” 


In this form the system loses the advantage of dealing directly 
with the individual, and the second objection to the profit-sharing 
plan is introduced, though in a modified degree, as a small group 


* Attention was called to this form of time ticket by Professor Hutton in Vol. 
IX. of the Transactions, page 386. 

+ This rule holds, even when the job after being partly finished is interrupted 
by some thing more pressing. In such a case the ticket is taken up by the fore- 
man in order to insure that the entries have been made for the completed work. 
He issues the ticket again when the work is resumed, and when all is completed 
this ticket goes to the office, where a single entry in the cost book records what, 
under the usual method, might require a half dozen or even more entries, 
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of men is dealt with instead of the entire foree. The remaining 
objections to the profit-sharing plan are not introduced, and on 
such work the plan proposed is distinctly superior, though lacking 
theoretical perfection. The piece-work plan does not apply to 
work of this kind, and hence there can be no comparison between 


it and the plan under discussion. 
- On contract work undertaken for the first time the method is 


é 


the same, except that the premium is based on the estimate! time 
for the execution of the work. 
The system is thus applicable to all classes of machine-shop 
work except “jobbing ” or work done by the hour, and there is no 
very vociferous demand from the shops for a method of reducing 
the time on that class of work. 
The writer believes that, judiciously administered, the plan pro- 
posed will produce a larger output and cheaper work, and at the 
same time pay higher wages than any other whatsoever. - 


DISCUSSION, 


Mr. John T. Hawkins.—In this paper we have still another 
attempt to protect—to be plain—unfair workers and employers 
against encroachments upon each other's rights. It is of a piece 
with about all former attempts to substitute for the proper spirit 
of fair dealing between man and man in the two capacities, some- 
thing which shall force both to observe what the whole history 
of this question shows cannot be so controlled. 

If men would deal justly and fairly with one another in this 

- matter, it is self-evident that the day’s-work, or better, the hour's- 
work plan, is the ideal one ; but human cupidity on both sides 
interferes with its proper working, and the only remedy, in the 
_writer’s opinion, is to be found in some system of educating 
employers and workmen alike up to the fact that their common 
interests lie solely in each doing to the other what he would 
have the other do to him. But with such an observance of the 
golden rule would come the millennium ; and there is no very 
imminent prospect of great possibilities in this direction; nor 
_ will there be more than is brought about by the gradual but 
ie development of the race to higher ethical planes, unless 
some organized effort is made to school both sides up toward 
this ideal. 
The writer fails to see in the proposed plan any surer escape 
from the evils of the time in the relations of employer and work- 
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man, than in the older ones which the author of the paper 
mentions. In point of fact, it is far below the piece-work 
plan, which has shown itself to be the only ameliorating sys-— 
tem where practicable. 

The author assumes a case in detail, and also assumes it pos- 
sible in this case, to reduce the time required to produce a_ 
given price of work by 50¢. If we apply this to an average 
manufacture, in which the labor constitutes one-half and mate- 
rial and expenses the other half of the total cost, with 10% profit 
to the employer to make up his selling price, we have the unex- 
istable conditions that the employer will thereafter realize 
tabout 25% profit and the workman obtain 33° advance of wages” 
On its face this looks very well and would seem to deal quite. 
fairly between the two; but the true state of the case is that _ 
no manufacturer has any right to such a profit, and if the out- 
side world would stand it, a much larger part of the saving 
should accrue to the workman, whose labor produces the given — 
article ; this is of course providing we are prepared to condone in — 
the workman the fact that he was capable by a fair day’s work | 
of doing double what he actually performed under an agreed 
day's wages. 

But there are others deeply interested in such a result 
What of the consumer? He would say that these people were’ 
getting rich at his expense and altogether too rapidly, that both 
were in a fair way to become those terrors of the times, “ robber 
barons ;” and he looks about him for means of putting a little 
of this undue enrichment, of this—as he would probably term — 
it—monopolistic combination of workman and employer, into’ 
his own pocket ; then, appealing to the cupidity common to em-— 
ployer and employee, and taking counsel of his own, he pro- 
ceeds to procure the starting up of rival concerns, who will be 
satisfied with more legitimately low profits, and who would 
obtain workmen at lower pay than that gotten by the workmen 
in the aforesaid combination, and thus the initial wages rate 
upon which 10 cents for each tenth of the time saved is ad- 
vanced on the rate of premium, and the 25% profit of the manu- 
facturer both succumb to the inexorable laws of trade and man- 
ufacture. 


The author, in discussing the piece-work system, shows that 
when the workman has “astonished himself and all others by 
increasing his output far beyond the expected 25,” and “ his 
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earnings increase with startling rapidity,” “ while the cost of the — 
work remains the same,” and says that under these conditions 
the employer, in cutting the prices, practically announces to 
the workman that “his earnings will not be allowed to exceed a 
certain amount,” concludes that this cutting amounts to “ killing 
the goose which lays the golden egg.” Nevertheless this go: se 
must be killed in any event. If the employer doesn’t kill it, 
the consumer, through his competitors, will not only kill it, 
but him. The fact is that no such golden eggs are to be 
had in industrial pursuits, and it would be most unrighteous — 
that they should. 

As the writer has had occasion to contend in a previous dis- 
cussion of this subject: If a workman at piece work succeeded 
in producing a piece of work in one-half the length of time he _ 
previously employed himself upon at day wages, there is no eS- 
from the that, when working by the he was not 


well; and it is to the credit of the aeaaaaitl system that it 
furnishes the means of discovering such a state of things. 

The piece-work system, in the writer’s opinion, furnishes the 
only relief from the unsatisfactory relations between employer 
and workman which so largely obtain under the day's wages 
plan ; while the older and still prevalent plan of paying a given 
sum for a given time, with a guid pro quo rendered, is that whicli 
will continue to prevail and improve—as it, of all the proposed | 
systems only, is capable of improvement—as men themselves — 
improve. It does not lie either in profit sharing or premium | 
paying to ameliorate the regrettable features of this older plan, — 
nor can any such amelioration come from any system whicli— 
overlooks the iron laws of supply and demand. 

In all the systems proposed, and in the newer more than in — 
the original day-wages plan, human rapacity or cupidity defeats _ 
itself. and with it the most promising of these new systems, 
whether it exists in the workman or employer or both; and 
when workmen learn that their interests lie in doing the best. 
they can for an agreed compensation by the day or hour, and 
the employer similarly is persuaded that his success in the long — 
run depends upon his paying the best wages that the market 
for his product will permit, commensurate with a fair profit 
to himself; paying always the highest wages to the best and 
most efficient workman, as a proper and legitimate incentive to 
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conditions as are possible in any industrial system. 
Mr. E. F. C. Davis.—I have known several instances where the 
bonus plan was adopted, by which a certain amount of time was 
arrived at as being customary for certain work, and then cards 


would be likely to require with the appliances then in hand. 
Those shops which are doing this have arrived at what may be 
considered fair piece-work prices, and, after using the premium 
plan a little while, have dropped it as being too cumbersome, 
and come down to the simple piece-work plan. But by start- 
ing out with the bonus plan first, they avoided the necessity of 
such extensive cutting and have gotten at fair piece-work prices 
by the bonus system, which was too cumbersome to keep up; 
but I have never known anybody who carried out Mr. Halsey’s 
plan for any great length of time. 
Mr. William O. Webber._-1 think Mr. Davis has rather hit 
the nail on the head. Success in using the piece-work system 
results largely from making your prices right in the first place, 
and I think that can be easily done by a manager who thoroughly 
understands his business. On the other hand, I think that 
Mr. Hawkins has given one of the strongest points about the 
whole wage problem, and that is the willingness between both 
the employer and the employee to be absolutely fair with each 
other. We have found in the Erie City Iron Works, at Erie, 
Pennsylvania, that treating our men in that way has resulted not 
only to their advantage, but to ours. We have even had men come 
to us and say that the piece-work price for a certain piece of 
work was too much, comparing it with similar pieces of a differ- 
ent size. Now, we take that as a pointer, and if we find that, as 
in many eases, the prices seem high for a certain piece, we do 
not see anything unfair or unbusiness-like in going to the work- 
man who is doing that work and suggesting a revision of those 
prices. Sometimes they can be revised with good reason. We 
recently had a workman in our works come and say this. We 
Were paying him a certain price for planing cylinders. He said 
if we would give him a more modern planer, he would plane 
those pieces for 20¢ less. That was certainly a fair proposition 
on his part, and we immediately took it up. I think that the 


 inereased effort on his part, we will have as nearly the ideal : 
were given out stating that half of the time saved would revert . 
to the mechanic and half to the shop; and that established what 
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piece-work system is the only one which will ever be successful 
in any way, and to make it a success, there must be a complete 
fairness between the employer and the employee, and the mak- 
ing of prices right in the first place, which any man who under. 
stands the business ought to know how to do. 

Mr. William Kent.—I regret that Mr. Halsey has not given us 
actual data in his paper. I regret still more that Mr. Hawkins 
has presented an argument which is altogether a prior? without 
any facts, except those drawn from experience with other sys- 
tems than the premium system. Mr. Halsey some three or four 
years ago proposed to me this premium plan, and I fortunately 
was then in a position to put it in practice at once, and it has 
been in use in the shops of the Springer Torsion Balance Com- 
pany now for three years, with satisfaction to both employer and 
employed. I heartily endorse the plan as admirable in ever) 
respect. It has given no trouble at all. I may admit with one 
of the other speakers that this plan may result finally in the 
piece-work plan pure and simple. Whenever experience has gone 
so far that you cannot improve the method of manufacture, and 
the workman has got into a rut, then the amount which he gets 
under the premium plan will be a certain amount per piece. 
You might just as well in that case pay him by the piece; but 
as long as there is any chance of improvement, and men have 
not reached the utmost limit of their skill or inventive powers. 
so long will the premium plan be a good incentive to the work- 
men. In practice under the working of this premium plan, we 
have perhaps a small piece of machine work to do, and we have 
no previous experience in making it, but we put a boy to work 
upon it, and find that by his ordinary skill in attending a 
machine, doing as he is told, he turns out say 100 pieces in a 
day. We tell him that there may be some quicker way of doing 
that work if he can find it out, and we tell him we will give hima 
quarter of a cent premium upon every piece he makes over 10) 
a day. Now, we have had the number of pieces turned out 
jump up to three hundred a day, and that simply by some little 
knack that the boy discovered, which he was under no obliga- 
tion to discover, and which he had no incentive (except the pre- 
mium) to discover; he was not cheating his employer by not 
inventing or discovering that method before, but when we gave 
him an incentive to try and discover something, why, he went to 
work and he succeeded and added 50% to his wages. This is an 
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actual case, and not a hypothetical one. So I close as I began, 
by saying that I heartily endorse Mr. Halsey’s plan, and I hope 
that gentlemen will not condemn the plan unheard, or until 
they have more data as to its actual working. 

Mr. Frank H. Ball.—I am very glad indeed to hear what Mr. 
Kent has said on this subject. I recall—and I presume other 
members here recall—a paper entitled “Gain-Sharing,” that 
was read at the Erie meeting by our ex-president, Mr. Towne, 
describing a method very similar to the one which Mr. Halsey 
proposes. The difference between the two plans is simply this: 
In the plan of gain-sharing which Mr. Towne described, the 
business was divided into departments, and the men in each of 
these departments were given a share in whatever they would 
save over certain fixed prices. For instance, in a foundry they 
found that it cost a certain amount per ton for labor, and his 
plan was to divide with the men what they would save over this 


fixed cost. Mr. Halsey goes one step further and brings it down 
to the men individually. The argument which Mr. Towne made 
for his method as against the profit-sharing plan, was substan- 
tially the same as Mr. Halsey’s argument, and he gave us to 
understand that the results were very satisfactory. Mr. Halsey 


proposes to deal directly with each man, and I think the idea is 
an excellent one. It seems to me that it has advantages over any 
other system that has been proposed. If any system other than 
day wages will work well, it seems to me this system will. 

Mr. H. H. Suplee.—The gain-sharing plan has been in use at 
the works of the Yale & Towne Manufacturing Company, Stam- 
ford, and both parties are thoroughly satisfied with its opera- 
tion. In discussion of this paper with Mr. Towne—and as I 
think he would have discussed it himself if he were present- 
he at once noticed the similarity of the method as being the 
gain-sharing method reduced to a smaller difference of sub- 
division—the same in principle, but only different in applica. 
tion. 

Mr, Henry L. Gantt.—I think Mr. Kent’s remarks are subject 
to another interpretation. If that boy using the same tools 
could by a little knack increase the product 300¢, it seems to me 
that either the foreman was careless in giving him directions, or 
was lacking in knowledge; at all events, something was wrong 
to start with, and the problem resolves itself into the original 
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_ Mr. Thos. R. Almond.—I wish to call to the attention of the 
members something that was stated soon after Mr. Towne’s 
paper at one of the meetings in New York. A gentleman from 
Altoona stated a case which came under his immediate observa- 
tion. There were two men who were requested to do their 
work by the piece, and during the three or four days that thoy 
were doing the work by the piece one of them went to the fore- 
man and said, “I cannot make day pay this way,” while the 
other man said, “I am making twice as much as I was by the 
day.” Now, here was a case that you could not account for in 
any way excepting as stated by the foreman in the answer he 
made to the man: “ The trouble is not between yourself and 
me; you must go to the Creator.” 

Mr. Hawkins.—I am prepared to admit the @ priori character 
of the discussion that I presented (and I wrote it very hastily 
and with a view of simply eliciting discussion) ; at the same time, 
while the arguments of Mr. Kent and Mr. Suplee seem to be 
conclusive, from the fact that up to the present time the two 
systems adopted by the Springer Balance Company and the 
Yale & Towne Company “have been successful,” they give us 
no measure of this supposed success, and I contend that the 
time is entirely too short within which they have been put 
into practice to settle anything in the question. The time 
will come with both those concerns when they will be ready to 
drop their new plans, or it will revert practically into the picce- 
work or day-work system, if it is one of those kinds of manu- 
facture in which the piece-work plan is practicable. Unfortu- 
nately, in the machine business it is not practicable in many 
places. While I have no data, I venture to say that if data 
could be obtained from piece-work establishments, the work- 
ing of that system as against the profit-sharing or the pre- 
mium-paying plan would be shown to have been very much 
more successful. I can point to an establishment as long ago as 
from 1850 to 1860 where they established the piece-work system 
and expected to carry it out thoroughly in all departments, but 
they have practically dropped even this plan except in those par- 
ticular special parts of the machine to which it could be most 
practically applied. It requires a long time to settle this ques- 
tion or any of these new ideas in connection with labor, and I 
venture to say that they will all finally come back to that one 
idea: that they must learn to treat one another right. 2 
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Mr. R. Van A. Norris.—This seems to be very much like the 
Pennsylvania Railroad’s method of paying the engineers and 
firemen on their line a premium on coal saved. They allow a = 
certain quantity of coal for the run, and then they pay a pre- 
mium on all the coal that is saved. A plan resulting very sim- | 


bill, and, as all work was done by contract, the result was a 
reduction of the contract prices and an increase in the amount — 
of money made by the men. 

Mr. E. F.C. Davis.—I think most of the objections raised 


o portunity to observe how it works. It is very automatic and © 


self-regulating in its workings. If one man is making too much _ 


money he is making and will come forward and make a bid to 

get that work at what he considers a fair profit for himself. So 
that the thing works all the time to the benefit of both parties. 
Whenever any new appliance is put to work, particularly by the mi 
foreman or the employer, no reasonable mechanic ever objectsto __ 
having his prices changed in proportion. I think that the fact _ 
of the matter is that both the premium plan and the piece-work 
plan come down to very much the same thing. So far as my — 7s 
experience has gone, I think that people who have tried the 
premium plan have generally abandoned it and adopted the > 
piece-work plan, as being a simpler way of getting about 

the same thing. The piece-work plan makes a little less book- 
keeping. 

Mr. James McBride.—The remarks this evening have pro-— 
ceeded entirely upon skilled labor. I want to make a few 
remarks about unskilled labor. The New York Dye Wood : 
Extract and Chemical Company, of which I am superintendent, 
employs very largely unskilled labor. About two years ago the— 
firm decided that they would set aside a portion of the earnings — 
of the concern each year, to be divided among their employees" 


7 
: 
— ilarly was in use in one of the copper mines in Michigan some 
years ago, where the mining was found to be very expensive and : 
mc the powder bill was extremely high. The amount of powder used 
per cubic fathom of rock by each miner was posted on a bulletin 
board each month and a prize given to the man using the least. — 
| 7 That resulted in a reduction of about one-third in the powder _ 
thinks 
that body 
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—not committing themselves in any way to their employees, 
but simply giving to them a certain amount of money, in Jan- 
uary each year, when the laboring man needs it more than it 
any other season, all in a lump sum. That plan was adopted 
two years ago. The result, while not altogether satisfactory, has 
been a great improvement to the old system of simply paying 
them day’s wages. We find among the skilled mechanics that 
those who can reason toa conclusion are very much in favor of it 
- Among the unskilled laborers, while a good many of them do not 
exactly comprehend it, they think a good deal of it, so much so 
that when they get a man in among them who was born tired 
they make it so hot for him that he is glad to get out. Our pay 
roll has decreased in some departments very materially from 
the fact that a good man refuses to work alongside of a poor 
man. Iam in favor of some method by which a portion of the 
earnings can be divided among the employees. Ido not know 
what is the best plan. We adopted this plan, as we thought it 
the best for our purposes, and so far as we have gone with it 
_we are satisfied it has been an improvement. This disturbed 
condition of labor points to the conclusion that manufacturers 
in the future, in order to pacify their workmen and keep them 
quiet, will have to devise some means by which the workman 
can become a sharer in some way with his employer. 

Prof. G. 1. Alden.—Will the gentleman be willing to state 
what sum unskilled labor received, and what sum skilled labor 
received of this division of profit each year ? 

Mr. McBride.—The first year we paid the common laborers 5. 
upon the amount of money which they had received during the 
year, and we made it obligatory that the men should be prompt 

at their work ; if they lost twenty days in the year, this per 
cent. was either kept from them, or it was reduced. We gave tle 
skilled laborers 10% upon the amount which they had received 
during the year, and those men higher up received a little more. 
The first year every man received a percentage, but the second 
year we were obliged to make a discrimination, and those who 
were tardy in arriving at their work, instead of getting 57 got 
only 25%, and the skilled men got 5¢ instead of 107, The result 
of this discrimination has been that those men who have been 
docked have since been very regular in attendance ; they have 
become the laughing-stock, as it were, of their fellow workmen, 
_ and they have tried to make a better record. 


Mes 


=~ 


: THE PREMIUM PLAN OF PAYING FOR LABOR. 


Mr. William H. Weightman.—I think that we might strike at 
the employers on this question. They are as ambitious for a 
profit as the employees. My dealings have been more with 
those operating shops, and I have found that I can save 50¢ 
by calling for contract prices, over what it would cost by arrang- 
ing to pay “the actual cost” with a certain percentage of profit. 
I had the same party do two similar pieces of work. The first 
one he did by contract, and he admitted that he made 30: profit. 
Some six months after that I had a similar machine made, where 
there was a possibility of having to alter it, and, sooner than 
have any trouble in regard to these alterations after the contract 
was made, I told the party to keep track of the time and allow 
his own profit afterward. This one cost us three times as much 
as the other, in spite of the fact that we found there was no 
necessity for the alteration. So that of the two machines, one 
cost $80, the other cost $150; and while in the first instance he 
stated (he had forgotten the admission he had made) that he 
had made 30¢ at $80, in the other he stated that he made the 
exact amount that the 30% on $80 was. Thus while the em- 
ployer and employee can hardly trust each other, sometimes 
the employer is a little doubtful himself and “the golden rule,” 
a factor all around. 

Mr. Hawkins.—In 1877 I took charge of a machinery establish- 
ment in the city of Brooklyn, and carried out the old plan. I 
did not know a single one of the workmen in the whole concern, 
but I called them all together and I talked to them just as an 
employer or superintendent should talk to a number of men, 
expecting them to do. the best they could. I gave them to 
understand that if they did the best they could, due considera- 
tion would be given them, and reward to those who did the best 
in the way of wages; and a dismissal or reduction of pay of 
those who did the worst. In the course of two or three weeks 
I found it necessary to discharge half a dozen men, from the 
fact that I could of my own observation see that the work which 
they were doing was being “nursed.” I discharged them as 
examples, and I found my action resulted in great improve- 
ment on the part of the rest of the men. I also took the other 
course and raised the wages of the men who were doing the 
best, and that made a still greater improvement. I carried 
that system through in that shop so long as the shop was 


i on, and I think with a great deal of success; and I will 
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place this success against that of Mr. Kent and Mr. Suplee, and I 
venture to say that if I were to start a shop to-morrow, I would 
adopt that course, keeping in proper touch with the men, and I 
would undersel] every one of you who pay these premiums or 
adopt these other methods. (Laughter and applause.) 

Having undersold you, the law of supply and demand steps in 
and forces you to modify or abandon your scheme in self- 
defence. 

The great trouble with all these proposed systems is, that 
they only partially, if at all, discriminate between a man’s ability 
and his willingness to do. The old system, properly adminis- 
tered, enables an employer to reward superior ability, with as 
good a means of discriminating against idleness or unwilling- 
ness; in which, of course, the employer is called upon to act 
fairly. The latter rewards a man in proportion to his ability, 
while the former too largely offers incentives merely to perform 
what was the man’s obvious duty in any case. “ Capital and 
labor could get on well enough together if there were not so 
many men trying to get capital without labor.” 

Mr. Daniel Ashworth.—I have listened very attentively to these 
remarks. The difficulty with so many fine-spun theories and 
Utopian ideas such as we have heard, is, that they are trying to 
get rid of one important factor, and that is the force of cireum- 
stances from the commercial side. Mr. Hawkins touched upon a 
very important point, when he spoke about carrying out a cer- 
tain scheme to undersell his competitors. Now, mark you, this 
is one of the turning points. I know it from teachings of expe- 
rience among many branches of industry in the United States. 
Systems have been developed upon this question, upon which a 
manufacturing concern would step forward in the market by 
some process of distribution of the pay, in the shape of pre- 
miums and piece work, and the gentlemen on the other side 
would immediately figure it out how much cheaper they could 
sell these goods, and eventually they would invent some plan 
worse than before, because these competitors would be stirred 
up. There is the weak point. Cupidity dominates trade, and 
it is a constant attempt of one to over-reach the other. There is 
the figuring in the office very elaborately, and it is presented as 
an ultimatum to the employees, “that we propose to carry out 
this system,” and it is carried out. As has been repeatedly said, 
it is just like the old story of the naval distribution of prize 
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money: you sift it on a ladder, and that which remains on the 
rungs is for the men, and that which falls through is for the 
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officers. 

I can point you to industries in the Ohio Valley, which for the 
last twenty years have had a species of competition beyond a 
parallel in the history of any industries in the world, and they 
have been going right along. They have been indulging in 
deception upon the great mass of their intelligent employees ; 
they said there was no money in the business at all, that ruin 
was staring them in the face, and yet those establishments have 
been increased from one to four furnaces, and they have 
branched out in the different valleys where the natural fuel 
would reach them. With all our boasted civilization, we ignore 
the fact that these workmen are becoming more and more intel- 
ligent every day. When you will take the intelligent working 
masses and say to them, “Send your representative to us whom 
you see fit to appoint to discuss these questions,” then you will 
have a starting point, and then you will have the data which have 
been so much talked about to-night. And right there I wish to 
say, as has been said by Mr. Webber, start right. When, in 
God’s name, ever was the time that the manufacturer had the right 
figure? Why, he would change it in six months. (Laughter.) 

I stand here to-night to champion the other side of this ques- 
tion, because I know I am in the minority, and yet I know I am 
right. We might talk until the crack of doom, and it would be 
one man trying to over-reach the others. Intelligent men, such 
as our mechanics are, should be, and they are, able to agree 
with their employers upon an equitable basis. 

Mr. Thomas I. Almond.—A case has come under my notice 
to-day which illustrates what Mr. Ashworth says. This morning 
I went to see a prominent business man of this city, who said: 
“T have never met you before, sir. I had an impression that 
you were a tall, thin, dried-up kind of a fellow whom I didn’t 
wish to see; your letters to me were so peculiar, your prices 
were always so stiff, that I formed an opinion of you that was far 
from pleasant ; but, sir, I have learned to like your way of doing 
business.” And he added: “It is because we are all cutting 
each other's throats, and trying to get each other’s business that 
our profits are 10% instead of 20¢ or 25%. If manufacturers 
would all keep their prices so that we could rely upon them, we 
could all maintain our prices.” I take it, sir, that Mr. Ashworth 
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is decidedly correct. I said to my foreman four years ago: “JT 
want you to make those goods and fix the prices yourself, and if 
these are satisfactory to me, I will not cut them as long as you 
work for me, and the market prices can be maintained.” Since 
then I have increased his prices. I do not wish to laud my own 
actions in any sense, but I do believe Mr. Ashworth is correct 
every time when he says that the manufacturers and the dealers 
are more at fault than the workmen. 

Mr. Weightman.—These experiences always result in four or 
five different concerns reducing their prices until they get to the 
point of eutting each other’s throats, when they conclude to 
form a trust, binding each other to maintain a certain fixed price, 
by means of which they are safe against having their business 
ruined. Instances can readily be cited where concerns agree 
between themselves that they had been cutting the prices down 
too low on the strength of this style of competition, using em- 
ployees as assistants in reducing the prices, until the concerns 
get in such a condition that they are not doing a safe business. 
They immediately conclude to form some plan by which they 
ean control each other and keep from going down too low. A 
combination is formed, an agreement signed, and they work 
along smoothly with moderate safety. The employees still get 
their profits. The result is a slight advance, so that the com- 
panies as well as the employees are for the time being satistieu. 
If you can get employer and employee to trust each other and 
to believe in each other there will be some sort of an under- 
standing in, though hardly a definite conclusion to, the labor 
problem. 

Mr. Robert W. Hunt.—During a somewhat busy life I have 
been constantly thrown in contact with labor questions. In the 
great development of the Bessemer business we had constantly to 
meet new conditions, which caused all of us—both the men and 
the employers—considerable trouble. The product of last year 
would be a ridiculous amount to be satisfied with this year, and 
yet the same number of men would execute the work. This 
because inventive genius had devised, and much money had 
been expended in providing mechanical appliances which ren- 
dered it possible. These conditions had to be met in some way. 
Certainly under such conditions the men ought to be willing to 
work for less pay per ton, while still earning more per day. I 
do not wish to detain you by giving reminiscences, and will close 
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by saying that in my jadgment any step which is taken in good 
faith, looking toward the solution of this labor trouble, is 
worthy of respectful consideration ; and before its trial it is dan- 


gerous for us to say that it will not work. If any gentleman at 
the head of an establishment is willing to make the experiment, 
in the name of humanity let us bid him God-speed. Let him 
try it, and then let him give us his results, and thus help his 
neighbor in his efforts to better humanity, and his own interests. 
Undoubtedly the foundation for the solution of these difficulties 
is the relations existing between the employer and the em- 
ployee. If a manager is an able and fair man, he will succeed 
much more easily than if he is incompetent and unfair. Un- 
fortunately there is another difficulty which has to be constantly 
encountered, and that is, that some man who does not work for 
you will come in and be supported by your men in his right to 
assert his authority to discuss with you your relations with your 
employees. I think that this is the most serious difficulty any 
fair-minded employer has to meet. 

Mr. Fred. A. Halsey.*—It is all very well to say, as Mr. Hawkins 
and others have done, that the true solution of the wages prob- 
lem is for men to deal justly with one another, which in this 
connection means for the employee to exert himself to the 
utmost, and for the employer to pay as high wages as he can 
afford. Unfortunately, however, this is not in human nature ; 
and, whatever the millennium may bring, the problem before the 
employers of to-day is to deal with human nature as it is. It is 
a truism that the average man will not work for others as for 
himself, and the average employer desires to get his product as 
cheaply as possible. This may seem culpable to Mr. Hawkins, 
but to the writer it seems natural, just, and proper. At all 
events it is inevitable, and it is the purpose of the premium 
plan to provide for, and make use of, these features of human 
nature by giving the employee an opportunity to work in a 
measure for himself, and by giving the employer the assurance 
of amore than proportionate increase of product from a given 
increase of wages. 

Mr. Hawkins’s objection that the plan involves the “ unexist- 
able” condition of a profit of 25¢, and that the manufacturer has 
no right to such a profit, seems to me irrelevant. Such arguments 
do not prevail against facts, and while, of course, it is not to be 
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expected that the system will produce a general increase of 
output of 1007%,* it is nevertheless true that in individual opera- 
tions that figure has often been exceeded, and that too when 
such foremanship talent as was available had not discovered 
anything wrong with previous records. 

Mr. Hawkins’s third objection, that rival concerns would spring 
up, and by avoiding the premiums, produce the work that much 
cheaper, is based upon the assumption that the premiums are a 
charge upon production, i.e., that the same production can be 
had without as with them. This is the kernel of the question, 
and here I believe Mr. Hawkins to be wholly wrong. He here, as, 
indeed, all along, confounds plans based on the profit-sharing 
principle, viz.: the division of a percentage of the profits among | 
the employees in the general faith that the promise of such divi- 
sion will buy their good will, and thereby lead them to increase 
their product, at least enough to make up the amount divided — 
among them, /ut which amount is to be divided whether the increas: 
really takes place or not, with the present system in which the pre- 
miums are paid only in case of actual increase. With the first 
system the increase must take place, or the cost of production 
is raised, but with the second system this is impossible 
There could be no better place to try the question to a— 
conclusion than such a shop as Mr. Hawkins proposes, where 
the day’s-work method is employed in the most enlightened | 
manner. Mr. Hawkins may find a few men (I have neve: 
found one) who will produce as much on the day’s-wages 
method as when offered the inducement of the premium plan: 
but that is not, and never will be, the case with an entire force, 
and if a single man of the foree is susceptible to such induce- 
ment the plan applied to him will cheapen the product. // // 
does not reduce the cost there will be no premiums to pay. The fact 
is, that the average employer, foreman, or workman who has 
seen machine tools operated only on the day’s-work system, 
does not know what they are capable of producing; and to thos: 
who have seen them worked under systems analogous to tli 
one proposed, to claim that as good results can be obtaine:! 
under day’s-work methods, seems absurd. 


*The table on page 759 is given merely as an illustration to explain the work 
ing of the system. There is nothing about it, or in connection with it, to justify 
the implication that the last line of the table represents an average resu''— 
to be expected from the system. 
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Turning now to Mr. Davis’s remarks, I have no shadow of 
doubt that his workmen could, and to one possessing their con. 
fidence would, draw a very different picture from his as to the 
“automatic” feature of piece work. Mr. Davis seems to have 
succeeded in getting his men to compete with one another. Few 
have succeeded in this, the usual reduction in the piece prices 
being brought about by a direct cut by the employer. However, 
the results are the same. Each workmen knows that if he push 
his earnings above a more or less clearly defined limit, some 
other workman will underbid him, and he would be foolish 
indeed were he too active. When men know, as under piece 
work all do know, that their earnings will not be allowed to 
exceed a certain limit, it is idle to expect them to exert them- 
selves to pass that limit, and right here is the essential differ- 
ence between the piece-work plan and the one under discussion, 
which some seem unable to see. The piece-work plan neces- 
sarily sets such a limit, while the present one does not. As to 
the system furnishing a mere stepping stone to the piece-work 
plan, its case is exactly analogous to a mathematical limit. 
When improvement can go no further, the system may be turned 
into piece work ; but that, like a mathematical limit, is a condi- 
tion which we forever approach but can never reach. 

As the system proposed has excited considerable interest I 
add a few practical hints to any who may feel disposed to give it 
atrial. ‘Lhe first of these is a caution against expecting the work- 
men to receive it with any enthusiasm ; on the contrary, they will 
in most cases look upon it as piece work in disguise, and that sys- 
tem is so excessively and justly unpopular, that they will at first 
regard the present plan with suspicion. A little patience on the 
part of the employer, and a little experience on the part of the 
employee, will correct this, as the workmen find that the pre- 
miums are not a myth. 

It has been pointed out in the body of the paper, that the sys- 
tem enables an employer to deal liberally with his men. At the 
same time there are two directions which this liberality can 
take. One method—and the wrong one—is to take the best 
record obtainable as a base, and then offer a liberal premium 


for its reduction. No foree can be composed entirely of “ stars,” 
and if the above plan is followed it will be but a question of a 
‘short time when an inferior man will be put upon that job, who 
will soon find that he cannot equal the base rate, and he will 
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cease trying. At the same time, a really superior man on thie 
same job might push his earnings so high, in consequence of the 
large premium, as to tempt the employer to the fatal step of cut- 
ting down the premium. To meet this condition, I have adopted 
the settled policy of being liberal with the time rate rather than 
the premium rate, thus giving all a chance, and keeping the 
premiums within satisfactory limits. 

Whatever may be the final policy in this particular, the system 
should be inaugurated at least with moderate premiums, since if 
its experimental premiums are made too low, no one can object 
to their being raised, whereas, should they be too high, it 
another matter to lower them. In this connection, the table on 
page 759 was intended solely as an illustration of the principle 
of the system. As a matter of fact, a premium rate such as is 
there given would be altogether too high for the ordinary run of 
light machine-shop work, while for other and more laborious 
work, it might be altogether too low. As a matter of fact, I have 
produced excellent results with premiums as low as three cents 
an hour. 

Finally, it is but just to himself that the author should add 
that this method has been in no way suggested by Mr. Towne’s 
excellent gain-sharing system. In point of fact, the present 
plan was clearly formulated before the publication of Mr. 
Towne’s paper. Its publication has been deferred in order that 
it might first receive practical trial, and be presented with a cor- 
responding measure of assurance. It has now been tried in 
three establishments, and in each case with results such as have 
been described. 
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SOME EXPERIMENTS WITH A 


BY JAMES MCBRIDE, BROOKLYN, N. Y. 


Member of the Society.) 


Ir goes without saying that the screw is one of the most 
useful mechanical powers, and among its many good qualities 
is that of not “overhauling”? when loaded. A large part of its 
efficiency as a mechanical power is sacrificed to obtain this 
valuable property, but aside from the necessary loss to accom- 
plish this result, I doubt if it is generally known how much of 
the total power applied to turn the nut on an ordinary screw 
bolt is lost in friction. I am quite sure that I did not, and a 
number from whom I asked for the information, and who I 
supposed ought to know, apparently knew as little about it as 
myself; and it was to get some practical knowledge on the mat- 
ter that these experiments were made, 

The experiments were made with an ordinary two-inch screw 
bolt, such as can be bought anywhere in the market, and it was 
not specially prepared for the occasion. The pitch of the thread 
was 2," (four and one-half threads to the inch), and of the 
standard shape; the nut was not faced and had the flat side 
to the washer, which was of malleable iron, not faced. The 
surfaces of the nut and washer in contact, as well as the threads 
of nut and bolt were well lubricated with lard-oil ; the nut was 
a good fit, and when not loaded was easily run up and down the 
bolt with the fingers. 

The nut was placed four feet six inches (4, 6’) from the floor, 
about breast high, and rested on a cross beam, supported on 
wooden horses, the bolt passed through the floor and was loaded 
at its lower end with about 7,500 lbs. dead weight. To ascertain 
~ how much a man could pull on a nut thus placed, a nut was 
placed four feet six inches (4, 6’) from the floor on a bolt fixed 
to the side of a vertical plank, and one end of a soft and very 


* Presented at the Providence meeting of the American Society of Mechanical 
Engineers (1891), and forming part of Volume XII. of the Transactions. 
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pliable rope was attached to the handle of a wrench and passed 
over a pulley nine inches (9°) in diameter, the top of which was 
also on a level with the nut and immediately in front of the 
operator. To the other end of the rope were attached weights 
which rested on the floor. The operator was required to grasp 
the wrench with one hand on each side of the rope, where it was 
fastened to the wrench, and turn the nut on the bolt, which he 
could only do by raising the weight from the floor. This appa- 
ratus was designed to compel the operator to keep the wrench 
on a level with the nut or nearly so, thus making the conditions, 
as nearly as possible, the same as when he applied his power to 
turn the nut on the loaded bolt. 

It was found after many trials, by different men, that they 
could by this device lift weights varying from 182 to 267 lbs., 
the latter weight being raised just clear off the floor by a very 
powerful man. 

Following are the results of the trials with the weights : 

267 Ibs 
Sweeney ; bs . -227 lbs 
-182 Ibs. 
Rogers 208 lbs. 
Harward . .182 Tbs 


When the wrench was applied to the nut on the loaded bolt, 
it was found that the men could just move the nut with the fol- 


inches = Radius, Cir. = 50.26 inches " 
Sweeney inches = ‘© = 81.68 inches. 
Fay 1416 inches =  — 91,10 inches 
13. inches = ** = 81.68 inches 
Harward 1414 inches = = 89.53 inches. 


a The length of wrench was measured from the centre of the 
nut to a point between the hands, and was taken as the shortest 
length of wrench with which the nut could be moved; and the 
operator was allowed to jerk or surge as he liked, with bot! feet 
on the floor, and keeping the wrench as nearly horizontal as 
possible. 

The theoretical value of a two-inch serew bolt with a 2: 
inch pitch, and under the foregoing conditions is as follows: 


‘ 
lowing 
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lbs. Ibe. 
Clark : 50.26 inches :: 267 : 60,097 
: 81.68 inches :: 227 : 84,279 | 
Fay...... .22 inches : 91.10 inches :: 182 : 75,364 } 7500 9. og 
Rogers .. .22 inches : 81.68 inches :: : 77,224 J 9.714 
22 


1: 


Sweeney . .2 


Harward. inches : 89.53 inches :: 182 : 74, 065 10.12¢ 


Mean, = 10.19% 


It will be seen from this that the practical value was only a 
mean of 10.19% of the theoretical, and that 89.81¢ of the power 
applied to the wrench was absorbed by the friction of nut on the 
washer and on the threads of the bolt. 

While these tests, made as they were in a crude way, are not 
absolutely correct, they go to show that only about 10% of the 
power applied is converted into strain on the bolt. 

Since beginning this paper two cases have come under my 
observation, which go to show how little is really known of 
the strains that are put upon screw bolts under various con- 
ditions. 

One was that of some 7-inch bolts, ;\)-inch pitch (9 threads 
to the inch), the nuts of which were being screwed up with 
a wrench 28 inches long, operated by two men. Leaving out 
the element of friction, and assuming the combined force applied 
by the men to be only 100 lbs. (they being in a sitting position 
and not able to exert their full force), they should have put a 
strain of 159,927 lbs. on the bolt, which is about 5; times more 
than its tensile strength. 

It is very evident that no such tensile strain *was put directly 
upon the bolt, although a number of them were broken, the 
friction of the threads alone being sufficient so to lock the two 
parts together that the bolt was twisted off just below the 
nut. 

The other was that of a 34 inches diameter bolt, .25 inch 
pitch (4 threads to the inch). The nut and its bearing were 
faced and well oiled, the wrench was 3 feet 6 inches long, having 
aneye at one end to which was attached a double and triple 
pulley-block tackle, operated by four men. Four men with such 
a tackle can just raise 1.700 lbs., which, applied to the end of 
the 3 feet 6 inches wrench to turn the nut on the bolt, should 
raise 1,794,452 lbs., which is about 4.5 times the tensile strength 
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of the bolt. As in the former case no such strain ever reached 
the bolt, but assuming that 10¢ of it did, it will be seen that this 
bolt was strained so as to only leave a factor of safety of 
2.1 to 1. 


The text-books are painfully silent on this subject, and leave the reader in a 
very uncertain frame of mind how much to allow for this element of resistance. 
I have found but few experiments recorded even on apparatus specially designed 
for the purpose, and none at all on the every-day cases which arise in practice, 
Following are what some of the authors say: 

Tomlinson, after figuring out the theoretical value giving a ceriain result, 
says; ‘‘ This is of course omitting the friction, which in the case of the serew is 
very great.” 

Oliver Evans, after discussing the theory and giving an example, says: © But 
this is supposing the screw to have no friction, of which it has a great deal.” 

Overman says: ‘* For calculating the effect of a screw we employ the formula 
to the inclined plane, making due allowance for friction,” bat doesn't say how 
much. 

Prof, Ball says: “Experiments showed in two cases respectively about | and 
% of the power was lost.” 


Trautwine says: ‘‘In practice the friction of the screw (which under heavy 
loads becomes very great) makes the theoretical calculations of but little valu.” 


Weisbach says: ‘‘ The etliciency is from 19 to 80% 


A 


Mr. Wilfred Lewis—Myr. MeBride’s experiments confirm my 


own experience in the same direction, and I think he is right in 
the opinion that the actual loss in friction is not generally 
known or appreciated by engineers. 

About twelve years ago I made some experiments on a square- 
threaded screw with a view to determining the coeflicient of 
friction and the ®ngular pitch of maximum eflicieney from an 
analytical consideration of the forces involved. The efficiency 
of the screw was determined by experiment, and from it the 
coefficient of friction was deduced. Diagrams were then con- 
structed for convenient use in the solution of problems involv- 
ing the application of screws. The results of my investigations 
were embodied in a paper read before the Engineers’ Club of 
Philadelphia, and afterward reprinted in the Journal of tle 
Franklin Institute for February, 1880; but, as the subject still 
seems to be so imperfectly understood, I will venture to give 
a brief outline of its consideration without going into a com- 
plete analytical demonstration. 

The efficiency of a screw will be seen to depend upon the 
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eoefficient of friction, the angular pitch of the thread, the shape 
of the thread, and the mean diameter of the supporting step or 
collar. All of these quantities must 
enter into the formula which will 
truly express the relation between 
the foree applied and the weight 


raised or lowered by a screw, and 
assuming (Fig. 325) 
d mean diameter of thread, 


mean diameter of step or 
collar, 

p = pitch of serew, 

w= angular pitch of thread to 


plane normal to axis of screw, 

6 = inclination of side of thread 
to same plane, 

Pp coeflicient of friction, 

= tangential force required at 
pitch line of serew to raise a unit 
of weight, 

/, = tangential force required at 
pitch line of screw to lower a unit 
of weight, 

d Fic. 325. 
we have for a square-threaded screw without step or collar— 


peota+1 
cot. a — 
cot. aQ=— 


cot.a + p 


These formule refer to the friction on the thread alone, which 
is entirely independent of step or collar friction, and, to include 
the latter, it is simply necessary to add n Py; making for screws 
with step or collar the formule— 


Ppeot.a+ 1 


cot. a — 


eot. a — 1 


~ 


cot. a + @p 


— 
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_ For V-threads the friction on the thread is augmented by 
sec. 6, and the formule become 
cot. asec, P + 1 


ny 
cot. a— msec. 


~ cot. asec. 8 — 1 
+ 
cot. a + 


Pitch in terms of diameter. 


LS 2 
TT T 


ene: 


Tangential foree in terme of weight. 


Fie. 326. 


The value of g has been found by experiment to vary con- 
siderably under different conditions of speed, pressure, surface 
and lubrication ; but for feed screws which turn slowly y — .15 
may be taken as a good general average, and on this basis the 
values of F’'and F, have been calculated for different values of 
« in equations (1) and (2) and plotted on the diagram herewith 
(Fig. 326). Abscissee denote the pitch in terms of the mean 
diameter of the screw and ordinates the value of F' and F’. 

The amount to be added for step or collar friction is deter- 
mined at once by the value of x, and when this is a fixed «uan- 
tity, as in ordinary screw bolts, ng may be laid off below 0X 
and a new base line nn adopted for the measurement of ordi- 
nates. 
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It is important to note that where ac crosses nn, the screw 
ceases to be self-sustaining, and, to insure stability or a positive 
tendency to run down as may be desired at this point, liberal 
allowance should always be made for possible variations in the 
eflicient of friction. 

When a screw is used simply as a convenient method of trans- 
mitting power, another problem arises as to the angle of maxi- 

~ mum efficiency. An increase in the pitch generally increases 
the efficiency of a screw, but it is evident that the pitch may 
be so far increased as to prevent the possibility of doing any 
work at all, and the question becomes, How far is it profitable 
to increase the pitch ? 

This can be answered by a consideration of the work done 

in terms of the useful effect produced, and letting 7’ = work 


done, we have from equation (3) 


‘peota+1 


cot. a — w 


F cot. « ny a 


from which the minimum value of /’ will be found to be attained 
when 


cot. a = 


(8) 


For — .15 and n = .5,a 46° but, for good practical 
reasons, it is not often desirable to approach this limit. 

Having now given a rigid account of the losses in friction for 
screws in general, I would like to add some shorter and more 
convenient formule, which I have found to be applicable men- 

tally and with a close degree of accuracy to ordinary screw 
bolts like the one used by Mr. McBride in his experiments, and 
in fact to most of the cases which occur in practice. These 
formule are given simply as approximations, and their great 
merit lies in their simplicity. 


Let = pitch of screw. sac 
= outside diameter of screw. pedal ph 
= force applied at circumference to lift a unit of 


weight. 
= efficiency of screw 


ptd 
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Applying equation (10) to the bolt used by Mr. MeBride we 


2 
92 
) 


have = 2 and p = 3, whence = = or .10, which is prac 


tically the same result as he obtained, agreeing with it closer 
than two successive experiments would be likely to agree with 
each other. 

Mr. Arthur A. Falkenau.—The question as to what strain could | 
be exerted on a bolt in tightening up a nut was submitted to | 
me some years ago, and as a rough guide to the men then under 
me, I deduced the following formula, which is based on thi 
principle that the moment of the frictional resistance vill 
finally balance the moment of applied forces. In it I neglect 
the pitch, considering the nut asa thrust collar. 


ed 


(Fig. 327.) 


Let RF = length of wrench, 


- P = force applied to end of wrench, 
La F = total concentrated friction of face and threads of nui. 
= radius of concentrated friction, 7 
N = normal pressure on face, Yes 
= normal pressure on thread surface, 
p = mean radius of thread surface, ; 


= coefficient of friction, 
f = angle which generating line of thread surface makes 
with axis of bolt, 


The friction on the threal will be gaN and its equivalent 


. rT 
concentrated at the end of + is—déaN and a = cosece. /. 


The fundamental equation must be PR = Fr. . . (1) 
‘ 


-- ——__- — ——- “| 
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but ON 4 GaN (1 + cosee. and substitut- 


ing this value in eq. (1) we have 


PR (1 + cosec. r = + cosee. 


dir + peosec. 


For ordinary bolts # = 60° and cosee. 6 = 1.16. 

For wrought iron on wrought iron ¢ varies from .15 to -4. 

Applying the formula given in eq. (2) to Mr. McBride's exper- 
iment with Clark, and taking ¢ = .15 we have 


and hence 
15 (1.5 + 1.16) 

Mr. McBride having used oil on his bolt might have made ¢ 
less, and consequently the resulting value of V would be greater 


l. 


if 
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APPLICATION OF HIRNS ANALYSIS TO ENGINE- 
TESTING AND A METHOD OF MEASURING DIRECT- 
LY THE QUALITY OF THE STEAM IN THE CLEAR.- 
ANCE SPACES. 


om] BY RK. ©. CARPENTER, ITHACA, N. 


(Member of the Society.) 


THE methods proposed by Hirn, to be used in the testing of 
engines, are familiar to the members of the society from papers 
which have already been presented by M. V. Dwelshauvers-Dery 
and others.t 

I have made the attempt to reduce the analysis to a form 
readily applicable to ordinary testing, and a large class of students 
have made an application to a simple condensing engine with 
plain slide valve and throttling governor. In addition, other tests 
with applications of this analysis have been made to an automatic 
engine and to a triple-expansion engine. 

During the tests on the plain slide-valve engine, an attempt was 
made with a fair degree of success to measure the quality of the 
steam remaining in the clearance space during compression, and a— 
description of this method constitutes the latter and more in- 
portant part of this paper. 

It is proposed in the paper to present the methods used and 
the results obtained in those tests and discussions relating to the 
quality of steam by various authors. 

In order to call to mind the character of analysis proposed 
by Hirn, which I have reason to think has not been applied to 
engine-testing to any great extent in this country, and to show 
what Hirn proposed and what has been aceomplished, I present 
the translation—in which I have onde avored to preserve the 


# ‘ Pre sented at the Providence meeting of ra American Society of Mechanical 
Engineers (1891), and forming part of Volume XII. of the 7ransactions. 

+ Trans., Vol. X1., No. CCXIX., and Vol. XL, No. CCCLXXXIL., papers by 
Messrs. Dwelshauvers-Dery and R. H. Thurston. See also the manuals by the last- 
named on Engines, Boilers, and Engine and Boiler Trials; N, Y; J, Wiley & 


= 
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structure of the original—of a few pages from the French edition 
of the “ Zraité des Machines a Vapeur, par Francesco Singaglia, 
traduit l’Italien, par E. De Billy.” (Paris, 1890.) As, no doubt, 
now well known, this method requires more data than the usual 
methods of testing, and requires more labor in reduction ; but con- 
sidering the information regarding the distribution of heat and 
power which is furnished, it will, I think, repay the closest exami- 
nation, and the adoption in all tests where it may be found prac- 
ticable. 

2. “ Practical and Geneval Theory of the Eugine.—The practical 
or experimental theory of the steam-engine, or if you please, the | 
calorimetric method applied to that study, rests upon an examina- 
tion itself of the motive power, and not upon hypotheses agreeing 
badly with the facts. One easily understands that an analysis 
of an actual engine can only be made experimentally, because it 
is necessary in this study to take account of the modifications 
arising from the permeability of the metal to heat and of various — 
complex phenomena. To such an extent is this true that in the 
general theory of a heat engine it is absolutely indispensable to 
proceed to a special study of each phenomenon independently of 
the others. We shall see what important practical questions 
experimental analysis has investigated, and the number of errone- 
ous opinions that it has destroyed. It is that which will resolve, 
by patient study of facts, all the discussions and controversies 
really pending.” 

Notice with what simplicity Professor Dwelshauvers-Dery 
expresses the theory of Hirn : 

Between any two positions of the piston, the quantity of heat 
which has done external work, and that which is exchanged between 
the metal and the steam, form a sum equal to the difference between — 
the amount of heat in the steam in those positions ; increased, if neces- 
sary, by the heat that may have been introduced with new steam, or 
diminished by that which may have left the cylinder. . 

The general thermo-dynamical theory, which takes as true a 
law of constant expansion in all cases, and neglects the exchange 
of heat between the metal and steam, furnishes approximate 
results for the work and expenditure of steam, which often devi- 
ate much from the truth. This method can, nevertheless, furnish — 
valuable indications, and lead to the discovery of real facts. 
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- But experiment only, sanctions, correets, and determines the 
advantage or inconvenience of any modification whatever, and 
constitutes a check or corrective for the general theory. In fact, 
changes which at first sight seem insignificant, perceptibly modify 
the economy in the development of an engine or machine. Thus 
the increase of intelligence regarding the exhaust, and the condition 
of the steam from the admission to the release, have produced in 
the engine an economy increasing as 9 to 100 in the consumption 
of steam. 

3. It is well known that, in addition to Mariotte’s law for the 
expansion of steam, there is that of adiabatic expansion, which 
consists in supposing that, the vapor being homogeneous between 
the metal and liquid in contact, there is no exchange of heat in 
spite of the difference in temperature. Very probably the steam 
at the end of admission will not be homogeneous ; nevertheless 
we can allow that it may be so, not knowing what hypothesis 
to have recourse to, without falling absolutely into arbitrary 
methods; but it is impossible to admit that there is no exchange 
of heat. 


METHOD OF TESTING USED BY HIRN. 


4. “ Beep riments at the School in Alsace —In order to experi- 
ment with an engine, it is necessary to make it work for one or 
more days under a determinate system of pressure and expansion, 
performing constant work. The quantity of feed-water used by 
the boiler is measured for one day, for example, while taking care 
that the level does not vary, or at least that it is the same at the 
beginning and end of the experiment ; then dividing this quantity 
by the number of strokes of the piston, the amount of water used 
at each stroke will be obtained. It is also necessary to measure 
the quantity of water mechanically entrained by the steam enter- 
ing the cylinder, the quantity of water of condensation, its temper- 
ature on entering the condenser, and also its temperature on 
leaving the condenser, the pressure of the steam, and the amount 
of work indicated.” 

When it is possible, and when the force of the engine does 
not exceed a certain limit, 100 H. P., for instance (for beyond 
that limit the operation would be dangerous), measure at frequent 
intervals, from hour to hour, and even oftener—the effective work 
with a Prony brake, taking care that at each measure the engine 
returns to its former condition. If one cannot make use of the 
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brake, it is necessary to measure the work of the unloaded 
engine by means of the Indicator. From this it is easy to calcu- 
late the work from friction when the engine works with a useful 
load. 

5. In aseries of well-known experiments, Hirn has demonstrated 
the thermometric action of the metallic walls of the cylinder, and | 
he has determined numerically the error which is made when one 
estimates the work and expenditure of steam on the hypothesis of 
impermeability of the walls to heat. 

All the ideas that we have regarding heat engines proceed 
from the science of thermodynamics; as Hirn would say were 
he able, “ without this science any experimental theory is impos- 
sible.” But we ought to notice that if this science is indispen- 
sable in guiding us in the analysis of a machine not already con- 
structed, it cannot be of use to us in the previous study of that 
machine since we ignore the thermic conditions of the working of 
the steam. 

The quantity of water entrained mechanically, which varies 
from boiler to boiler, and even in the same boiler varies from one 
instant to another, tbe fall of pressure between the boiler and— 
evlinder, which depends likewise on the dimensions of the admis- 
sion ports, the exchange of heat between the metal and steam, 
etc., are quantities not to bedetermined by pure theory. The in- 
dicated work is a quantity essentially experimental and can be de-— 
termined only by the steam-engine indicator. But the indicator 
diagram once obtained we are able, by the application of physics 
and thermodynamics, to determine the weight of the steam, the . 
temperature, pressure, the heat given up to the walls or that which — 
has been returned from the walls. 

But this only suffices to establish that the practical results are 
quite different from those which the general theory furnishes ; it 
was still necessary to measure the amount of error made in order 
to deduce its industrial importance. That is what Hirn has done, 
aided by two experimenters of uncommon ability, Le Loutre and 
the regretted Hallauer, who was the most correct expounder of 
his master’s thoughts. Thanks to them it is now established that — 
the walls whose action varies with the construction of the engines 
with the state of the steam, saturated or superheated, by the use 
of the steam-jacket or the condenser, have a chief influence over a : 
the yield of work and the thermic transformations. co Oe 


— 
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of ZEUNERS OBJECTIONS. 

6. The experiments of the Alsatian school were recently the 
object of profound criticism on the part of Zeuner, who found 
fault especially with the relative results in the action of thie 
cylinder walls. The objections of Zeuner were refuted by Hirn 
and Hallauer. 

Zeuner's first objection has reference to an hypothesis of Hirn, 
who had supposed by inference in his experiments the pressure of 
the boiler equal to that of the cylinder during admission, thus 
neglecting the throttling of the fluid vein at the entrance to the 
cylinder. Hirn recognized the justice of this criticism, but he 
demonstrated by examples that his calculations contain an ap- 
proximation more than sufficient for the estimate of heat given 
up to the walls, if one neglects the weight of steam in the clear- 
ance space. Neither does Zeuner admit as correct the method of 
calculation often used by the Alsatians, which consists in neglect- 
ing absolutely to consider the weight of vapor enclosed in the 
clearance space. It should be observed here that in condens- 
ing engines, working without compression, this weight is small 
because of the feeble pressure of steam, and that afterward it 
might be computed by supposing that its density remains con- 
stant. But it is certainly not the same if there is compression, 
for this produces phenomena which are far from being negli- 
gable. 

But the principal point of Zeuner’s criticism is, that he offers 
equal objection to Hirn’s second hypothesis. When he wishes 
to take account of the steam that remains behind the piston at 
the beginning of compression ; that is to say, at the end of tle 
exhaust, Hirn considers tt as saturated and dry. According to 
Zeuner the thermic phenomena which the Alsatians attribute 
to the action of the walls exclusively, would be due in part only 
to those walls, and would be due in a larger proportion to a 
certain quantity of water which would always be found in thie 
cylinder, so that the vapor would never be saturated and dry, 
and that Hirn’s hypothesis would be inadmissible. But Hirn 
denies absolutely that water can exist permanently behind the 
piston when superheated steam is made use of, or when the 
cylinder is enclosed by a steam-jacket ; he admits that it can 
exist in a steam-engine using saturated steam and without a 
steam-jacket ; but he shows that this quantity is always very little 


— 
| || 


and that it still comes from the action of the walls. Hallauer has 
proved in his turn by means of new calculations the hypothesis 
in question. He has taken up the analysis of the experiments 
of 1873 and 1875, supposing that, lst, the compression is too 
small to be taken into account, and that the weight of the vapor 
and water behind the piston is nothing; 2d, that the steam 
which is compressed in the cylinder is not a quantity to be 
ignored, but that it is saturated and dry ; 3d, the vapor which is 
compressed is not to be neglected, but contains a determinate 
weight of water. 

From his calculations he finds that the differences between the 
results, which the three hypotheses produce, are within the limits 
of experimental errors. 

In regard to the effect of the steam in the clearance space, 
Zeuner in La Theorie Mécanique de la Chaleur, makes the follow- 
ing statements : 
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“Clearance exerts an important influence upon the working. 
Its inconveniences are mainly due to the fact that steam is ad- 
mitted into a space holding steam of feeble tension, so that the 
engine uses more than one without such dead spaces. It is true 
that the work which corresponds to this additional mass of steam 
is not entirely lost, since it shares in the expansion. In spite of 
this the work is too great to be neglected.” Further, he states 
that if the compression be carried until boiler pressure is reached, 
“the engine then acts as one without clearance,” but in that case 
the work of compressing the steam may equal the gain by the 
process. 

‘While the piston retrogrades a certain space a corresponding 
volume of steam leaves the cylinder ; the steam remaining behind 
probably containing a little water. Now as the mixture is com- 
pressed, there will probably result a partial or total vaporization 
of the water ; and it may happen that at the limit of compression 
the steam in the dead space will be superheated. Unfortunately, 
we do not yet know how the mixture of this superheated vapor 
and the saturated steam from the boiler is effected; but this 
question is of little importance, the main object being to show 
that compression is accompanied by a vaporization of the water, 
— with steam, so as to cause superheating in the steam left 

ehind.” 


51 


| 


796 APPLICATION OF HIRN’S ANALYSIS TO ENGINE-TESTING. 


P APPLICATION OF HIRNS ANALYSIS. 

a The following pages present in as brief a form as possible the 
“method of application of Hirn’s analysis, as adopted for a regular 
laboratory exercise for the advanced students in Sibley Colleve. 

The special test presented is one of about thirty which have 
been made, and in which the results accord fairly well with the 
average of a term’s work. 

This test was made under my directions by P. J. Darling. 
ton, F. B. Cowan, and S. E. Hitt, students in the senior class. | 

The detailed method of making the analysis is easily under- 
stood, and is as follows: First, make a run as explained with con- 
stant load, taking determinations of quality of entering steam, 
pressure and weight. The latter may be obtained either by cou- 
densing the steam or measuring the feed-water. 

Also, measure the condensing water and the gain in temperature. 

The accompanying leg (see form No. L) is provided with columns 
for these measurements and such others as may be necessary, or 
can be taken as a check on the work. The log is especially 

adapted to the throttling calorimeter, with which most of the 
determinations of the quality of steam were made. In ease the 
steam was too wet for the throttling calorimeter, which I believe 
happened in only one case in our trials, the separator calorimeter 

yas used. A calorimeter, to be described later, was attached to 
the steam-cylinder, and was provided with an automatic valve, 
so that steam could be admitted to the calorimeter during any 
desired portion of the stroke by the action of the engine. The qual- 
ity of the steam in the exhaust may in some instances be a de- 
terminate quantity, in which case valuable checks would be had 

‘on the accuracy of all the previous calculations, but in the trials 
in question such determinations were not made, although space is 
provided in all the forms used. All apparatus used was calibrated 
and results recorded on the blank form No. 2. 

Indicator cards were taken at frequent intervals during the run, 
-as shown on the log. On these cards were laid off initial line for 
volume, in accordance with the measures of clearance, and initial 
line of pressure in accordance with the barometer reading. The 
cards were then subdivided by ordinates drawn to point of cut-off, 
release beginning of compression and admission, thus dividing the 

_ diagram into four parts, corresponding to the periods of adiis- 


sion, expansion, exhaust, and compression, 


a 
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In the figures (Figs. 230 and 231) these ordinates are drawn from 
the points 4, ¢, d,ande respectively. The measure of these ordinates 
to the proper scale gives the absolute pressures and are filled in 
the proper columns in the special blank form 3. The areas, into 
which the card is divided, are then measured for the external 
work, thus in Fig. 231 the area brmncb is proportional to the ex- 
ternal work of admission ; enpec to that of expansion ; epste minus 
sfdos to that of exhaust ; dorbd to that of compression. It is to 


d 
Fig. 23h 


> 


c i 
Fig. 230 


be noticed that the work of exhaust and compression is essentially - 
“hegative and that the algebraic sum of these results is the net 
work performed. Dividing these areas by their respective lengths, 
we obtain the (M. E. P.) mean pressures for each event of the 
stroke, for which a proper place is provided on the blank form 
No. 3. 
The external work expressed in foot pounds is obtained by tak- 
_ Ing the product of the area of the piston in square inches into the 
distance, into the M. E. P for that event and for each stroke; this 
was multiplied by 100, thus making the unit 100 strokes instead of 
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one, to avoid small decimals. These were placed in the proper 
place on Form 3 and reduced to B. T. U. by dividing by Rowlana’s 
equivalent, 778. 

The remaining portion of Form 3 is filled by reference to a stand- 
ard steam-table and the quantities arranged so that they can be 
referred to by using the symbols as given on the sides with sub- 
scripts as given at the head of the columns. 

Form 4 gives average measurements, dimensions of engine, and 
symbols used. Form 5 gives the methods of calculation used in 
the application of Hirn’s analysis, as already explained. The 
symbols used are those of Buels’ steam-tables, which Professor 
Thurston has republished in his work on Lngine and Boiler 
Trials, and which was convenient for our use in the mechanical 
laboratory. 

The principle of the analysis has already been explained, and 
‘an excellent exposition will be found in the work on Thermv- 
dynamics by Professor Peabody ; yet at the risk of being tedious 
I will explain some details of the method. 

The weight of steam is supplied by weighing feed-water or 
condensed steam; this was subdivided between head and crank 
in proportion to the work done at the respective ends of the 


cylinder, as shown by the indicator cards. 


The condensing water was weighed and subdivided in the same 
manner, thus giving us the value of @ in the formula. This 
division is in some respects an arbitrary one, yet as the work 
done at the two ends of the cylinder is rarely exactly the same, 
it seems fair to suppose that the steam consumed is proportional 
to the work done in either end, although it will probably make 
very little difference in most cases. 
To find the weight of steam in the clearance space J/, we 
~ need to know its pressure and quality. The pressure is taken 
from the indicator card, and is already tabulated in Form 3; 
from this and the known volume (see Form 3) the weight of dry 
steam filling the clearance space at the instant of admission 
xan be found. The heat supplied is evidently equal to J/(\L 
+ S) in which X is the quality of entering steam, S the heat 
of the liquid, Z the latent heat corresponding to the entering 
pressure, as on Form 3. The heat in the steam in the clearance 
would be found in a similar way, if we knew its quality ; which in 
this case we did know, by the calorimeter reading, to be slightly 
superheated at the end of compression. At the best there is some 
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doubt about the accuracy of this determination for quality, and 
farther the percentage of moisture, while it may be a large per- 
centage of weight, is always a small percentage of volume; it w ill be 
much more accurate to ascertain the heat existing at intermediate 
points from the volume rather than the weight; by consulting 
Form 5 it will be seen that this method is the one pursued. The 
steam was assumed to be dry and saturated in the clearance space, 
which agrees very well with the actual determination. 


Fig. 232 ' 
|r 


A check on the numerical work is found by the agreement of © 
the values for D and PD’ at the bottom of the page. These 
results are in eitber case the difference between the heat supplied 
the engine and that thrown off in the exhaust, in other 


Fig. 233 


words 
radiation-loss and leakage, ete. 

Form 6 is the summary of the preceding forms, and also shows 
what the quality of steam in various positions in the cylinde 
must have been in order to harmonize with the heat distribution, . 
as shown in Form 5. 

The method of computing the heat is the ordinary calorimetric 
formula. Weight (XZ +S) =heat in B.T. U. The external 
and internal heat is given for several events of the stroke on Form | 
5; the corresponding temperatures, pressures, and heat of evapo- — 
ration are given on Form 3; the weight during admission and come — 


| 


|_| 


800 APPLICATION OF HIRN’S ANALYSIS TO ENGINE-TESTING, 


pression is equal to Mf + A, regardless of the quality, while at 

the beginning and end of compression the weight is equal to that 

filling the clearance space at the beginning of admission, or is 

equal to M, regardless of its quality. Solving these various 

equations for -Y gives the results shown on Form 6. 
Total heat _ 
- Weight 
In case the work of expansion is not considered, the divisor 
should be / instead of Z. In many cases, the quality is more con- 


Fig. 284, 


“aine 


Time, 


veniently found by dividing the weight of dry steam by its actual 
weight. The weight of dry steam is found, in any case, by divid- 
ing the volume by the specific volume of one pound. 


(M+ My) C 


The forms and tests referred to are as follows: Fig. 232 and 
Fig. 233 are tracings of Indicator diagrams taken on the test. 
Fig. 244 is the Graphical Log of test, made by J. E. Kress ata 


later date. 
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CALIBRATION OF INSTRUMENTS. 


4. - . Thursday, JAN. 13, 18 


STEAM ENGINE INDICATORS, 


Head. Crank 


Maker's Name Ashcroft 
Maker's Number...... 2 

Scale of Spring Te 60 Ibs. 
Number of Sprivg 27 627. 

When Tested . 27, 1891 Jan, 27, 1891. 


How Tested Dead weight .. ...| Dead weight. 
54% below. 


STEAM GAUGES,—(See Fig. 237.) 


| | 
Maker. Position. Number. Error— Lbs. When Tested. How Tested 
| 


Ashcroft... ...| Steam Chest ..| —10 Jan, 27, 1891 Hg. Column. 


THERMOMETERS. 


| Bortine Port. FREEZING PorNnt. 


Position, 


Barometer 


Registered 
Number. 


| Reading. Error. | Reading. 
| 


Discharge 
Condensing Hy 
Condensed Steam . 
Steam Chest 
Compression 
Exhaust 


> 


| | 
| | 
210.6 | 207 | —1 32.1 | | +1 
210.5 210.7 32. 0 
210.0 | 210.7 0 
210.8 | 210.7 | 32° | 
» 
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[Form No 3.] 


ABSOLUTE PRESSURES FROM INDICATOR DIAGRAMS AND CORRE. 
SPONDING PROPERTIES OF SATURATED STEAM. 


— BEGINNING. 
| Enter 
ing Cut-off. Release. | 
Com Of Ad. | 


pression. mission. | 


Symbols 
Peabody. 


Symbols. 
Thurston. 


| 


Subscripts used............. 


Head... 
Absolute Pressure ,.. 5 
( Crank 


\ Head. 


Heat of Liquid, Po. 
( Crank 


Head... 
Internal Latent Heat, - 
( Crank 


Latent Heat Evapora 5 Head... 
WON... (Crank 930.0 


\ Head. 1159.6 1146... 


Total Heat - 
( Crank 1162. 1146.4 


Vol. Lib. Ca, Ft, 
Volumes Symbols. ... Vet+Vs | Vor+Vs V, 


Volumes Head, Cu. Ft 0507 . 1493 0820 0160 


| 
0180 


Heap Enp. CRANK Enp. 


External Work. | External Work. 
| 100 Strokes. 100 Strokes. 
Mean Mean 


Pressures - Pressure 
Foot Ibs, | B. T. U. | | Foot Ibs.| B. T. U. 


Symbols 
Admission 
Expansion 
Exhaust 
Compression 
Total 


{ 
52.6 
87.99 14.85 5.74 26.98 Pop 
| 17.98 | 130.6 2148 
338.3 
858.6 898.9 | 928.3 868.3 p 
i 066.7 1000.9 42.1 4 
131.4 1156.9 
| 
4 MEAN PRESSURES AND HEAT EQUIVALENTS OF EXTERNAL WORK. : i 
a 
7 
MEP | MEP | | Weis 
10.0 | 198-4. | 24.26 8.28 | 14976. | 19,25 
13.8 | 26063. 33.50 | 15.8 | 36.84 +, 
| 4948. 06.36 2.5 | 4559. | —5.86 a 
6.7 13646. 17 D4 6.2 |-11%. |-14390 
14.5 33.86 15.5 | 27953. 35 93 
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{Form 4.] 
APPLICATION OF HIRN’S ANALYSIS. 


Test of steam-engine made by P. J, Darlington and F. B. Cowan at Sibley — 
College, Cornell University. 
Kind of engine 
Diameter of cylinder. .. 
Length of stroke 
Diameter of piston-rod 1,3, 


DATA AND RESULTS. 


Volume cylinder, crank end 
Volume clearance cubic feet, hes 

Boiler pressure by gauge 80 
Boiler pressure absolute 95 
Revolutions per hour 
Absolute pressure of steam entering.... 

Quality of steam in compression 
Weight of condensed steam per hour 
Clearance in per cent. of stroke 
Barometer 29.288 
Boiling temperature, atmosphere pressure 210.8 
Steam used during run, 
Quality of steam in steam-chest. 
Quality of steam in exhaust.......... Pere Not determined. 
Pounds of wet steam per 007308 
006724 
Temperatures condensed steam 
Temperatures condensing water, cold..... 

95.04 
Pounds of condensing water, per hour 
Per stroke. . .2291 


SYMBOLS, 

To denote different portions of the stroke, the following subscripts are used : 

Admission (a) ; expansion (b) ; exhaust (c) ; compression (d). 

To denote different events of the stroke, the following sub-numbers are — 
used: Cut-off (1) ; release (2) ; compression, beginning of (3) ; admission, begin- 
ning of (0); in exhaust (5) ; in condenser (6). 

Quality of steam denoted by X. 

Cut-off, crank end per cent. of stroke 

Cut-off, head end per cent. of stroke 
Compression, crank end per cent. of stroke..... 
Compression, head end per cent. of stroke 

Brake horse-power.... 

Release, crank end, per cent..... 

Release, head end, per cent 

Pounds of steam per I. H. P. 

Pounds of steam per brake a... 
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CALORIMETRIC MEASUREMENTS OF THE QUALITY OF STEAM DURING 
COMPRESSION. 


The attempt to measure the quality of the steam during com- 
pression was made as follows: A throttling calorimeter of the 
form shown in the cut, Fig. 235, was connected directly to the 
cylinder-head, with a whistle valve intermediate, which was ar- 
ranged as is usual with such valves, with a lever for opening and 
a spring for closing. The opening lever was modified by the ad- 
dition of a second lever, thus virtually making a compound lever, 
arranged so that a very slight motion of the first lever was suffi- 


[Sa 


Fie. 235. 


cient to open the valve fully. The lever was connected by a wire 
toarod, moved by the reducing motion of the engine, by a cam 
_ which was adjustable and capable of being set so that the calori- 
meter valve could be opened at any required point of the stroke. 
~Asecond cam could be set to release it at any instant, in which 
ease the rod and valve actuated by springs closed instantaneously. 
The principal part of this ingenious mechanism was designed by 
Mr. C. L. Stanton, one of the mechanicians and instructors in 
Sibley College shops. The cut, Fig. 236, shows the apparatus 
complete and in working order, except for the lagging which was 
around it whenin use. By referring to the indicator diagram, Fig. 
y 230, it is seen that a very small portion of the compression line 
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lies above that of the atmosphere, and that the calorimeter could 
discharge into the air only during the time that the piston was 
passing from x to w. As the engine made about 200 revolutions 
per minute, this practically amounted to an instantaneous open- 
ing occurring 200 times per minute. Great pains were taken to 
see that the calorimeter valve opened and closed at the proper 
instant, and that it was tight when closed. So far as could be de- 
termined, this action was perfect, the strong springs drawing thie 
valve closed, the instant the trigger was released, with the rapidity 
of a gun-lock. Now, as to the results: We found that it took a 
long time, frequently an hour, for the thermometer in this calor- 
imeter to reach its maximum temperature, but that except in a few 
cases (some thirty trials being made) this thermometer showed 
either slightly superheated steam, or steam very nearly saturated. 
The pressure of the steam was calculated as the average of that 
shown by the indicator diagram for the time the valve was open. 

There was a throttling calorimeter attached to the steam-chest in 
order to measure the quality of the entering steam. The distance 
between the two calorimeters was not over 18 inches. Both were 
lagged and in similar conditions, yet the thermometer in the one 
on the cylinder and open only during compression would often 
attain a reading 30 or more degrees higher, and invariably indi- 
cated 2% to 5% less moisture. Thus in the trial already presented 
(see Form 1), this thermometer read 258°, when the thermometer 
in the other calorimeter read only 216°. 

It seems hardly probable or possible that the maximum reading 
of the thermometer opened for so short an interval could in any 
event be equal to the temperature of the steam in the interior of 
the cylinder, yet it will be interesting to compare this with the 
results of the calculations made on Form 6. In these calcula- 
tions it was usual to assume the steam filling the clearance space 
as dry and saturated, as explained previously; but in this par- 
ticular trial the calorimetric determination, as made by obser- 
vation, was substituted. We have, then, the following result 
(Form 6): Quality of steam in clearance space, 101.3, or in other 
words superheated 25.8° ; quality of entering steam, 97.67¢ ; qual- 
ity of steam at cut-off, 48.74%; quality of steam at end of expan- 
sion, 64.864; quality of steam in the exhaust, 73.81%; that re- 
maining at the beginning of compression, 99.5%, while that at tle 
end of compression is 104.13%, which corresponds to a superheat 
of 18°.3, thus making the cycle nearly perfect, and indicating a 


f 
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very small error. This investigation seems to indicate that Zeu. 
ner was correct in regard to many, perhaps all, of his statements 
regarding the quality of the steam in the cylinder, but that the 
error in the assumption of dry and saturated steam in the clear- 
ance space, as usually made in the application of Hirn’s analysis, 


is not a serious one. ai 
QUALITY OF THE EXHAUST STEAM. 


The quality of the steam in the exhaust was determined by Hirn 
in 1869, by attaching a calorimeter made of a brass coil with a 
closed vessel attached to its lower extremity. By filling the 
closed vessel with water and boiling it, air would be expelled 

Fig. 237. 


CALIBRATION OF STEAM GAUGE. 


it 


i 
10 60 


from the coil, and by closing a valve and condensing the remain- 
ing steam, a vacuum would be formed. Attaching the coil in this 
condition to the exhaust-pipe and surrounding the coil and vessel 
with condensing water; by drawing in steam from the exhaust- 
pipe and condensing it, and by measuring the temperatures and 
weights of the entering steam, the condensing water before and 
after the steam was condensed, all the elements for computing the 
quality were obtained. According to Hallauer, Hirn obtained as 
the results of some of these trials the following figures as the per- 
centages of moisture in the exhaust: 


lst. In a condensing engine using superheated steam, at 931° 
C., the per cent. of moisture in the exhaust was equal to 4.67. 

2d. In several trials with different engines using moist as 
he obtained respectively 10.914, 11.804, and 25.23. 
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In the measurement of the moisture in the steam exhausted 
from the high-pressure cylinder to the intermediate cylinders not 
jacketed, made at Rochester, N. Y., in January, 1891, I obtained 
respectively : Ist, 14.04¢ ; 2d, 12.12¢ ; 3d, 12.5¢; 4th, 13.35¢; or, 
on the average, 13.35%. 

he moisture can be computed by considering the condenser as 
a calorimeter, in which case 


K ( .) 
S; = S; 


symbols as before.* 


L 


In this case 2 = 81%, or about 6¢ in excess of that obtained 
by computation from the indicator card, as explained in Form 6. 
These measurements are, however, not necessarily the same, since 
the results in Form 6 are computed for the instant of leaving the 
cylinder, and this latter for the steam in the condenser, when the 


‘2: 4 
= 


4 


pressure was lower, and when consequently more of the water 

would be vaporized. 
e's 

HALLAUER S EXPERIMENTS. 

In connection with the loss by cylinder condensation and the 
consequent condensation of steam, we quote the following from 
QO. Hallauer, in article on “ Dead Space in Woolf Engines,” 
Van Nostrand’s Magazine, Vol. XIV. The article is largely de- 
voted to an investigation of Zeuner’s assumption, already referred 


to, of the effect of the steam occupying the clearance spaces of 
the engine; the result of the calculation confirming Zeuner’s 
hypothesis of a gain of heat during compression, in excess of the 
work of compression. In the example considered of a Woolf 
engine with a jacket, working with and without compression, the 
gain amounted to 9 954. 

“It is to be regretted that Zeuner has not taken into account 
the disturbing effects of the walls of the cylinders; an effect 
pointed out by Hirn in his edition of 1865, and which experiments 
have established beyond a doubt. . . . The walls which 
absorb heat during admission condense often a considerable por- 
tion of the steam which flows from the boilers, and restore a part 
during the period of expansion. This occurs by means of the 
coating of water covering the walls. 


* Engine and Boiler Trials; Thurston. N. Y.: J. Wiley & Sons, 1891, $$ 41-46. 
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“The action is quite complicated and modifies in a great decree 
all the series of phenomena, of which work is the resultant. [t 
seemed impossible to neglect its effects in the determination by 
experiments of the influence of compression and clearance upon 
consumption. . . . 

“In single-cylinder engines in which the clearance can be 
reduced to a small percentage of the volume, and in which the re- 
maining steam is not greatly compressed, all the walls of the dead 
space as well as the cylinder are cooled during the period of dis- 
charge into the condenser. When the next charge of steam comes 
from the boiler, it encounters walls not sufficiently heated by the 
compression, and condenses, giving up a considerable quantity 
of heat. This condensation may amount to 60% of the steam 
admitted when there is no jacket. 

“The heat is partially restored during expansion ; it allows of a 
continual evaporation of the coat of water which covers the walls 
previously warmed. At last the envelope of steam diminishes 
condensation and increases evaporation in the cylinders. 

“ These processes, combined with the disappearance of heat due 


to expansion, are the two sole causes that affect the law of expan- 
sion, and fix the value of the exponent of that law.” As the 


surfaces differ, the condensation during admission and the evapo- 
ration during expansion will be changed as well as the work of 
expansion, all being causes that modify the exponent of the law 
of expansion, and which show the falsity of the hypothesis upon 
which the formulas for work have been based.” He states further: 
“In engines, such as those of Hirn and Corliss, the effect of the 
clearance space can be neglected, without serious error; but in 
engines where it approaches 10 to 154, this is no longer the case, 
and the effect must be considered.” 

The following tables, taken from the work on Thermodynamics, 
by Prof. C. H. Peabody, will be interesting as showing the quality 
of the steam as obtained by calculation in two noted series of ex- 
periments : 


og) As 
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QUALITY OF STEAM IN THE CYLINDERS.—ISHERWOOD'S 
EXPERIMENTS 


Per cent. of steam | 
in the cylinder. | 

| 


-power per | 


yl- 


Manner of running. 


horse 


hour. 


inder. 
| End of stroke large 


cylinder. 


cylinder. 


Cut-off large cylinder. 


Total expansions. 
End of stroke small 


Revolutions. 
Cut-off small ¢ 


Boiler pressure by gauge. 


| Cut-off small cylinder. 


Steam per 


Steam cut-off in both 
eviinders by independent 
cutoff valves. 


Steam cut-off in email 
cylinder only, 


Steam cut-off in large) 
cylinder only, 


No. cut-off. 


Large cylinder used as 191.5 
a simple engine. | 7 


* Superheated. 
Average barometer, 30.2. 
a Quality of entering steam not given. 


Wee as 


| 


| 


— 
221.5) 0.4 0.361 | 129.4) 98 *102 81 16.4 
215.9 0.4 | 127.2 90 *103 16.0 
192.2 335 | 104.5 | 87 93 76 16.7 
181.1 333 B46 91.5) 81 93 72 17.4 
a 166.5 75.0 sO 91 74 18.7 
145.5 353 | 368 87.7 | 67 78 64 20.9 
11.5 | .358 | | 32.4 66 49 | 45 | 25.0 
4.7 361 21.8 | 56 | 83 32.7 if 
188.1} 8.95 | 108.7] 87 % 18.5 
167.3 74.6 | 88 85 | 20.1 
145.9 55.8 | 80 23.9 
| { 
| 
189 5 3.20 57.0 *105 | 86 | 28.1 
| 
— 0.335 | 2.66 | ee sind 89 | 25.5 
a, 
6 
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m ty 


DISCUSSION 
SCUSSION, 


» 
i, = 

Prof. R. H. Thurston.—During the last forty years there has 
been more time and thought and labor given to the study and 
experimental examination of the internal wastes of the steam- 
engine, and to its more complete thermal, as distinguished from 
the pure thermo-dynamiec, theory, than to any other branch of the 
philosophy of the heat-engine. During this period the advance 
has been great, though hampered by the continual handicap of 
the old theory, and the lack of comprehension on the part of its 
originators and their disciples of the actual differences between 
the ideal and the actual case. The two differ very much in the 
same way, though far more widely, as do the old theory of bal- 
listies in a vacuum and the modern theory in which air-resist- 
ance is involved, and which, therefore, represents the real and 
practical ease. After Watt had discovered the facts which give 
rise to this difference, and Clark had measured the wastes in the 
locomotive, Hirn those of the mill engine, and Isherwood of the 
old form of marine engine, these differences between the old and 
the new treatment became obvious, as essential; and the con- 
test between Hirn and his colleagues and Zeuner, now famous, 
settled all questions on this subject and placed the modern 
method of treatment firmly in its proper place. It is not likely, 
hereafter, to have opponents among well-read engineers or men 
of science. 

Hirn’s analysis of the operation of the steam-engine, as first 
practised by him and by Hallauer, and as later worked into a 
form, algebraically, more consonant with recent methods of treat- 
ment, especially by Dwelshauvers-Dery, endeavors to give meas- 
ures of all the varying quantities of energy and of the state of the 
working fluid during a cycle of the engine, thus tracing the pro- 
cess of transfer and of transformation of heat throughout, and 
giving a clew to the nature and extent of those wastes by internal 
and somewhat obscure ways, the gross result of which is found 
by the experimental methods of earlier engineers. The outcome 
of this system is well shown by the paper of Prof. Carpen- 
ter. There still remain some problems to be solved, and some 
related methods to be sought out; but this, as it stands, is a 
most important advance upon the earlier method and theory. It 
is most satisfactory to find these latest facts and methods com- 


| 


816 


APPLICATION OF HIRN’S ANALYSIS TO ENGINE-TESTING. 


ing into the text-books and treatises on the steam-engine, and, 
especially into the practice of the technical schools and of en- 
gineers. Sinigaglia, who was, I think, the first, as a pupil of 
Dwelshauvers and Madamet, and others who have effected this 
advance, are entitled, as it seems to me, to great credit. Prof. 
Peabody has performed this service in this country; and his 
excellent work is the only one, so far as I know, in the English 
language, at present, to give the full account of Hirn’s method 
The late Prof. Chas. A. Smith, in his Steam-us‘ng, gives the best 
early translation of Hirn’s and of Hallauer’s papers. 

I do not know how far the adaptation of the Hirn system, 
and the Dwelshauvers algebraic expression of the analysis, have 
been brought into the customary operations of the experimental 
departments of our colleges ; but they have now been some time 
in the regular schedule of work and practice in the Sibley Col- 
lege laboratories, and have been found perfectly practicable and 
satisfactory in operation, and are most valuable as giving the stu- 
dent a good idea of the facts involved and the advances made of 
late years in the correct theory of the engine. Prof. Carpenter 
has worked it into good shape, and the methods and results are 
well illustrated in this paper. It has been applied, especially, 
to the small engine here described, but also to a number of 
eases in which important engine trials have been made ; and all 
our “ experimental engines ” will be thus treated, including the 
large special construction now under way, and fitted for a most 
extensive range of variation of all conditions, kinematic, thermal, 
and other, thanks, in great degree, to the ingenuity and interest 
of Mr. Edwin Reynolds, who has given personal attention to the 
carrying out of our requirements in this flexibility of the machine. 
We hope to be able, after a time, to present some exceedingly 
interesting work, especially in the solution of hitherto unsolved, 
often unstated, problems. 

One such problem is referred to in this paper: that which de- 
termines the quality of steam, in the various portions of the 
engine cycle, by direct measurement. Prof. Carpenter tells, 
in a general way, how this is done, and will, I hope, at some 
future time give a fuller account of apparatus, methods, and re- 
sults of these investigations, which have great interest an im- 
portance, both intrinsically and as bearing upon the Zeuner-Hirn 
controversy, corroborating the latter authority in every essential 
matter. The device employed is most ingenious and exceedingly 
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satisfactory; though I have no doubt that it will be found capa- 
ble of improvement by its inventive author. 

Prof. Cecil H. Peabody.—This method is of great interest, and 
must be considered an important step forward. Yet, while no 
one doubts the truth of the usual assumption of dry steam at 
compression, it cannot be admitted that this paper entirely dis- 
proves Zeuner’s claim that a film of moisture may adhere to the 
evlinder wall at that time, for the existence of such a film is not 


impossible, though dry steam is received by the calorimeter. 


This method must, therefore, be considered as an important 
though an incomplete investigation of the subject, and I hope 
that the experimenter may later show that a film does not exist. 

There has been some question in this paper and in others as 
to whether this method has been used in America. In _pre- 
paring my work for students, it appears to be essential that I 
might have a few problems in which I had the entire data. 
For that reason we had a series of five experiments made upon 
a small Corliss engine in the laboratory with entire success 
some three years ago. 

Prof. Geo, I. Alden.—Referring to the statement which Prof. 
Peabody has made in regard to Zeuner’s theory that there is 
moisture upon the surface of the cylinder when the body of the 
steam in the cylinder is dry, I would like to call attention to 
the form of the compression line on the low-pressure card of a 
small compound engine (Fig. 312). This engine is described and 
illustrated in Mr. W. W. Bird’s paper, which is in your hands, 
and which is to be presented.* : 


Fie. 812. 

There is no cut-off in the low-pressure cylinder. Compression 
begins at B. The compression line BCD has a reversed curva- 
ture, the part BC being concave upward, and the part CD con- 
vex upward. It is also found that the compression line runs 
considerably above the theoretical compression line, constructed 


* No, CCCLIIL, page 873, Volume XIL., Transactions A. S. M. E. 
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by computing the weight of steam compressed and drawing its 
adiabatic through B. It is further found that to account for 
the increased pressure which the actual card shows by th 
superheating due to compression and to heat received from 
the cylinder walls would require the steam to be at a higher 
temperature than that of the steam which enters the low- 
pressure cylinder. 

It therefore seemed to me that there was moisture upon the 
cylinder surfaces which during compression from 2 to ( was 
reévaporated, thus increasing the volume of the steam under. 
going compression. That near the point ( the steam had risen 
to the temperature of the surrounding walls, and, therefore, the 
reévaporation was diminished or ceased entirely, and the curve 
from (’ to ) rose in pressure much less rapidly than before, 
causing the reversed curvature shown. My point is thit the 
indicator card shown seems to confirm Prof. Zeuner’s theory. 

Mr. Geo. H. Barrus.—I have the gravest doubts whether the 
application of Hirn’s analysis to engine testing, in the manner 
proposed by Prof. Carpenter and others, is advisable for pur- 
poses of instructing the students in thermo-dynamics. There 
is so much mathematical work about it that, in my opinion, the 
mind of the average student would be confused in the study of 
the question, and lose sight of the main facts which he might 
learn by the employment of the more simple methods which 
have heretofore been in vogue, and which are more easily com- 
prehended. This, however, is a matter of opinion, and there is 
no need of dwelling upon it. My attention, in reading this 
paper, has been specially directed to that portion relating to 
the determination of the quality of the steam in the clearance 
spaces, which is the striking feature of the paper. I would 
first, however, call attention to certain errors or inaccuracies in 
the text, and to indications of careless work in the conduct of 
the experiments referred to. On page 803, at the bottom of the 
table marked “ Form No. 3,” under the head of “ Mean Press- 
ures, Head End,” the symbol given is M.E.P., and the quantities 
in that column are the mean pressures measured from the line 
of no pressure, or perfect vacuum. It is commonly under- 
stood that the term “mean effective pressure” refers to the 
average pressure determined from that portion of the indicator 
eard which is enclosed within the line forming the diagram. 
The pressures referred to in the column noted being measured 
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from the zero line, are usually designated by the term “ total 
pressure,” and not “effective pressure.” The symbol should be 
changed accordingly. 

I notice on the eighth page that the diagrams which are re- 
produced are exceedingly uneven in form. They are also of 
different lengths, and I assume that one was taken with the 
indicator at one end of the cylinder, and the other with that at 
the other end. The difference in the lengths is about 5°. If 
these are given as samples of the diagrams taken during the 
tests, they show, to say the least, carelessness on the part of 
those who manipulated the indicators. 

I have been trying to decipher what scale was used in plot- 
ting the various results of the tests on the chart given in Fig. 
234. The average speed, for example, is put down in the 
table as 204.64. On the chart it lies between the 6.5 mark and 
the 7 mark. The average gauge pressure is given in the table 
as 38.35 Ibs., and on the chart it runs between the 1.5 mark 
and the 3.5 mark. 

In the table which is marked “Form 1,” the average indi- 
cation of the calorimeter in the steam-chest is put down as 


214. This temperature is so near the normal corresponding 


to the pressure that there is every indication that the steam 
issuing from the calorimeter was in a wet state, and that the 
instrument failed to show the real condition of the steam. 

It will be seen by reference to Fig. 236, which shows the 
complete arrangement of the apparatus used on the test, that 
the indicator cords pass from the driving motion to the two 
indicators in a direction which appears to form a considerable 
angle with the motion of the cross-head, and that there is no 
pulley made use of to change the direction of the motion. 
While discussing this cut, another thing may be referred to, 
and that is the method of driving the releasing device for 
operating the whistle valve attached to the calorimeter. This 
appears to be done by the use of a cord attached to the indi- 
-cator driving rig. It seems to me a device of very doubtful 
utility, considering the fact that this valve should be operated 
bose such extreme precision. I should hardly think that a 
flexible connection, such as that shown, would answer at all. 

Passing now to the main point of my discussion, I wish to 
call attention, in most emphatic terms, to what appears to me 
the utter unreliability of the tests which pretend to show, by 
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means of the calorimeter, the actual quality of the steam in the 
clearance space of this engine. So far as I know, this experi- 
ment has not heretofore been attempted, and I wish to give 
Prof. Carpenter the credit of a high degree of enterprise in his 
efforts to determine, experimentally, some facts regarding this 
interesting question. So far, however, as getting any results 
from the work which throw any light upon the subject, I am 
more than convinced that he has utterly failed. He seems to 
doubt himself the reliability of his work in this line, for he says 
on page 798: “At the best there is some doubt about the accu- 
racy of this determination of quality.” Let us see now what 
the facts are which the experiments show: Assuming that the 
whistle valve, which introduced the steam into the calorimeter, 
was adjusted so as to open the communication during that part 
of the compression period of the stroke when the pressure was 
above the atmosphere (though, considering that the engine 
speed was 200 revolutions per minute, it is hardly possible, 
with the means employed, that this could have been done with 
the necessary precision), we have the calorimeter subjected to a 
pressure varying from zero to about 13 lbs. above the atmos- 
phere, the average being about 6.5 lbs. above the atmosphere. 
Under this pressure I estimate (assuming that the calorimeter 
had an orifice 4 inch in diameter) that the quantity of steam 
which was used in the calorimeter amounted to not over 10 
Ibs. in weight per hour, provided the flow of steam through it 
was continuous. Considering that it was not continuous, but 
occupied only that portion of the time of revolution corre- 
sponding to the stated period of compression, which is about 
} of the revolution, the actual quantity of steam discharged 
through the calorimeter was at the rate of not over 2 lbs. in 
weight per hour. The indications of the calorimeter, in the 
summing up of the experiments, have not been corrected for 
radiation. In order to determine the quality of the steam 
indicated, it is necessary to make a correction for this loss. In 
my own calorimeter work, I have found that for 100° difference of 
temperature between the throttling part of the calorimeter and 
the air, the quantity of heat lost by radiation when 60 Ibs. of 
steam per hour is passing through amounts to 3.5° temperature 
indicated by the thermometer in the wire-drawn steam. I have 
taken the difference of temperature for this instrument to be 
200°, and on the basis of the radiation noted, the number of 
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‘degrees correction, supposing 60 lbs. of steam were passing 
through per hour, would be 7’. Considering, now, that only 
2 \bs is passing per hour, the effect of radiation would be 
‘multiplied in the inverse proportion of these two quantities. 
That is, it would be multiplied thirty times, and, consequently, 
the correction to be applied for the loss by radiation is 7 x 30 = 
210. From the indication of the calorimeter thermometer, 
which was 258°, it appears that, without correcting for radia- 
tion (and omitting for brevity the calculation), the amount of 
-superheating in the steam drawn from the cylinder which is 
shown is 33.5. Adding the correction for radiation just found, 


we have, as the real showing of the calorimeter, a superheating 
of 834° x 210° = 2484. According to this indication, the tempera- 


ture of the steam in the cylinder during the compression period 
in question (the normal corresponding to the average pressure 
being 231°), is 2433° x 231 474, . If, therefore, we take the 
indications of the author’s experiments for what they really 


show, we must conclude that the steam in the cylinder, during 
the period of compression which we have been considering, is 
at a temperature of 474.5. It is simply ridiculous to believe 
anything of the kind, and Prof. Carpenter evidently had good 
reason for distrusting his experiments. In point of fact, the 
experiments simply show that the metal of the cylinder head 
was at a sufficiently high temperature to conduct the heat along 
the walls of the pipe connecting it to the calorimeter to such an 
extent that the temperature of the thermometer cup was raised 
to 258°. The indications of the calorimeter point in no way 
whatever to the quality of the steam in the clearance space, 
but simply show the temperature of the metal of the instru- 

ment which had been heated by contact with the hot cylinder. 
Prof. Carpenter assumes that the quality of the steam in 
the clearance space is 100%, and by thermo-dynamic compu- 
tations he makes out that at the beginning of compression the 
steam contained one-half of one per cent. of moisture, while at 
: the end of compression it was superheated to an amount, erro- 
7 neously stated to be 8.3°, but, in reality, according to his data, 
_ 81. It seems to me that he has no right to make the assump- 
_ tion that the quality of the steam in the clearance space is 100¢. 
The probabilities are that the quality of the steam at the begin- 
ning of the compression is the same as it is shown to be during 
the exhaust—that is, 73.3%. It could not be dry steam at the 
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beginning of the compression, for in that case the quality of the 
steam at the beginning of the exhaust would have to be 46.6% in 
order that the average shown at the condenser should be that 
found, namely, 73.3¢. This cannot be, for the reason that at the 
release the quality is nearly 20 higher than this, namely, (4.7. 
In my opinion, the quality of the steam at the beginning of 
compression is 73.3%, or thereabouts, while that at the end of 
compression, having been improved by the heat received during 
the process of compression, is 88.5 

Prof. Carpenter should either defend his experiments with 
data which carry more weight than any given in his paper, or 
he should eradicate from the paper all reference to the calor- 
imeter work, which can do nothing more than encumber the 
Transactions of our Society and throw discredit upon them. 

Prof. R. C. Carpenter.*—In reply to the extended remarks 
by Mr. Geo. H. Barrus, it seems hardly necessary to take much 
valuable space. In the first place, very many of his remarks 
indicate that he has not even taken the trouble to read exhaust- 
ively the article which he so severely criticises, and, again, he 
has supposed the existence of conditions which did not exist, 
and which were not described because they had no bearing on 
the subject under discussion; but from these supposed con- 
ditions conclusions are drawn, which, as he shows, give in many 
cases absurd results. 

Thus, for instance, he states that the connection to the 
calorimeter valve was probably by a string, yet on page S07 it 
distinctly states that this connection was hy a wire. It is to be 
supposed that he assumes that Fig. 236 represents more than 
the text claims for it, whereas by reference to the eighteenth page 
he will see that it is merely intended to show the position and 
method of connection of the calorimeter. The apparent angu- 
larity of the indicator cords were due to the location cf the 
camera and to the peculiar lens used, as in reality they were 
parallel and horizontal in use. As the test of itself was novel 
only in some particulars it seemed unnecessary to give a long 
and detailed description of methods employed in taking cards. 
A careful reading of the text would have shown that Fig. 
231 and Fig. 230 are merely what they claim to be, diagrams 
showing the method of subdividing the card into parts, and do 
not belong to the specific test commencing on page 801. The 
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indicator diagrams, Fig. 232 and Fig. 233, as described at the 
bottom of page 802, do belong to the test in question, and are 
not open to the objections which he states characterize the 
work of the test. 

In regard to the calorimeter work it is hardly to be supposed 
that we should satisfy Mr. Barrus under the existing circum- 
stances, but here again he presupposes conditions which had no 
existence. In the first place, he supposes the passage of heat 
along the iron to the thermometer in the calorimeter by a way 
which he does not specify and from a source of heat not men- 
tioned, as in this case the highest temperature in the cylinder 
could not have been more than 8° or 10° in excess of the ther- 
mometer reading in a calorimeter nearly a foot away and sub- 
jected to more or less radiating influence. It is absurd to 
expect heat from this source sufficient to influence the ther- 
mometer, and there is no extraneous supply of heat. Again, his 
inference that the calorimeter determination of the entering 
steam was not reliable, because it was so near the boiling point, 
was evidently made without considering the altitude of Sibley 
College and the table of boiling points which was prefixed, and 
which was obtained from mercurial barometer readings. The 
barometer in question was itself a United States standard in- 
strument and had been frequently compared with the one in use 
by the State Weather Service, as standard. 

A manometer reading for back pressure on the calorimeter 
was taken, and no source of error can be imagined sufficient to 
overcome the difference of 3.3°; again, any error in that direc- 
tion would tend to increase instead of to diminish the slight dis- 
crepancy between our calculated and the measured quantities at 
the end of the cycle. 

It is very evident from the calculations made by the dispu- 
tant that he has not only not read the paper carefully, but that 
he does not understand fully the principles of the analysis in 
question. This is clearly shown by his proposition to calculate 
the heat remaining in the cylinder from that carried away by 
the exhaust, and which bears evidently no relation whatever to 
that remaining in the cylinder at the beginning of compression ; 
hor is it clear why in one place he tells us that our thermometer 
in the calorimeter reads too high, and must have received heat 
from an external source, and in another place figures out with 
equal gravity that it should have read much higher. 
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In eonelusion, I ean only say that I hope in his own work as 
an expert my critic is not so free to assume conditions or data 
which are not given by observation as in the discussion of the 
paper, and that his consequent conclusions are more reliable 
and are founded on a basis of facts and observation, rather than 
on some preconceived notion. In regard to the paper, I am 
satisfied that the methods outlined are correct, and that the 
various observations cited were made with care, and [ am yet to 
be convinced of any serious errors in the calculation of the test 
cited. On the other hand, the close agreement of the actual 
calorimeter reading with the results that would be indicated by 
methods of measuring the heat remaining in the cylinder, as 
explained, emphatically show that our calorimeter readings are 
reliable, though no doubt subject to some correction yet to be 
determined. 
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NOTES REGARDING CALORIMETERS, 


BY R. ©. CARPENTER, ITHACA, N. Y 


Tne subject of calorimetry is considered one of considerable 
importance in the experimental laboratory connected with Sibley 
College. It forms one of the regular exercises which students are 
all required to take, and the laboratory is equipped with nearly all 


of the forms which have been described in early papers before 
the society and in Thurston’s “Steam Engine and Boiler Trials,” 
besides possessing a number of new forms, some of which are 
description, while a few 

-are quite promising. The following paper contains a discussion 
of some experiments regarding the best methods of obtaining 
steam for calorimetric use, a proposed general classilication of cal- 
 orimeters, and a general discussion of some of the various classes, 
also a short description of one or two new forms of calorimeters ; 


ealorimeter some rapid of reducing the 
tions, for which purpose some diagrams and tables are given. = 


THERMOMETER CUPS. 


The thermometer cups used at Sibley College screw into a 
j-inch pipe fitting, and are of the form and dimensions shown in 
the cut—Fig. 239. These are made from a solid piece of iron 
or brass. The liquid for filling these cups is a matter of consider- 
able importance ; we have used either cylinder oil or mercury. 
For most purposes there is no particular difference, but we find 
that cylinder oil is not quite so sensitive to changes of tempera- 
_ ture, and is very sensitive to the presence of moisture. The effect 
of moisture in a cup filled with cylinder oil is, if the temperature 
_ is high, an explosion, which is likely to blow the oil out from the 
_ cup, or if the temperature is not high enough for this, the gradual 
* Presented at the Providence meeting (1891) of the American Society of 
‘Mechanical Engineers, and forming part of Volume XII. 7'ransactions. a 
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evaporation of the moisture. This latter will sometimes keep 
the reading of a thermometer suspended in the oil cup at the 
Z boiling point of water regardless of the temper- 
ature surrounding the cup. With suitable pre- 
caution cylinder oil gives satisfactory results. 
The use of thermometers, screwed directly into 
the steam-pipe has not been practised except in 
throttling calorimeters when pressure is very low. 
In that case we have tried a thermometer cup, 
made of wire gauze, held in place by a perforated 
rubber cork. The perforation in the cork fits the 
thermometer tube so closely as to prevent leakage. 
This form of throttling calorimeters is described 
later. From one or two experiments, the results 
seem to be the same as with the ordinary cup, 
Fig. 239. 


METHODS OF OBTAINING A FAIR SAMPLE OF STEAM. 


The usual method of obtaining a sample of steam 
for calorimetric determination, adopted by the lab- 

Fig. 239. oratory, consists in the use of a nipple of one-half 
inch pipe, perforated with one-fourth inch holes and screwed 
into the side of the main steam-pipe, so as to extend nearly 
across it; a plug is placed in the open end, and eare is takeu in 
drilling the one-fourth inch holes that they do not come in line. 
The usual form is shown in Fig. 240, with throttling calorimeter 
attached. In order to ascertain whether this precaution was neces- 
sary to secure dry steam, the following experiments were made : 

On the same piece of horizontal pipe, three inches in diameter, 
three attachments for calorimeters were placed, which are num- 
bered respectively No. 2, No. 3, No. 4, and are shown in Fig. 241. 
No. 2 and No. 4 were of the usual forms, as already described. 
No. 3 was varied from time to time and is described in each case. 
In the first trial No. 3 connection consisted of a bent nipple 
without perforation, arranged in such a manner that the nozzle 
could be turned in any direction with relation to the steam current. 
See Fig. 242. The amount of moisture was determined in each 
ease by throttling calorimeters, placed on the main pipe in 
essentially the same manner and as shown in Fig. 241. The dis- 
tance between these calorimeters was about one and one-half 
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During the test a current of steam was kept passing through the 
calorimeter by leaving the drip valve of the main pipe, as shown 

in Fig. 242, partially open. 
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Fig. 240. 


A manometer for measuring the back pressure was attached to 


each calorimeter. 


TRIAL No. 1. 


Standard connections for Calorimeter No, 2 and Calorimeter No. 4. 

Nozzle of No, 3 turned upward as in Fig. 242. 

Instruments used:—Steam Gauge, calibrated and adjusted; Thermometers, in 
No. 2, 5260; in No. 8, 5255; in No. 4, 5258; by H. W. Greene; calibrated 
for boiling point and found correct. 


‘ OBSERVERS, MESSRS. HEILMAN AND CLARKE. 

| | | CALORIMETER No. 2. CALORIMETER No. 3. CALORIMETER No. 4 

Time. |G | | = ls.| 

1] 38.0 62 246 4] 3 245 8 | 8 245 28 

8.01 | 61.8 | 2463 | 245.5 $2.5 | 245 28 
8] 3.02 | 61 246.5 34) 245.25 8 $2.2 | 245.25 4.8 | 28.4 

3.03 | 60 247 35 245 32 245 4.6 | 29 

5| 3.04 | 59.5 | 246.5 .45 | 34 244.75 31.75 | 245 29 

8.06 | 58.5 | | 32 245 32 245 29 
7) 3.07 | 50 | 244.75 32 245 32 244.5 29.5 

8} 3.08 | 59.5 | 244.75 32 244.75 31.75 | 244 29 

9) 3.09 | 61.3 | 244.95 32 244.25 8 | 31.25] 244 28 

10 | 3.10 | 61.5 244.25 .45| 32 | 244.5 | 31.25] 245 | 5. | 


Per cent, of moisture shown by Calorimeter No. 2 equal 1.66. 
No. 3 1.56. 


Average moisture No. 2 and No. 4, 1.71 per cent. 


— 
= q 
& 
Fig. 241, = 
— 
i 
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TRIAL No. 2. 
Nozzle of No. 3 turned horizontally facing the current of steam. 
Calorimeter No, 2 and No. 4 as before. 


OBSERVERS, MESSRS, HEILMAN AND CLARKE. 


CALORIMETER No. 2. CALORIMETER No.3. | CALORIMETER No. 4. 


| 
| 
Gauge. 


Manometer. 
Inches. | 
Superheat 


Manometer. 
Manometer. 
Inches 

Superheat 


| 


cent. of moisture of steam by Calorimeter No. 2 equal 1.‘ 
average No. 2 and No. 4 equal 1.52. 
excess in No, 3 above average, 0.73. 
A subsequent trial under a little different conditions gives a result of only .25 of 
one per cent, difference. 
TRIAL No. 8. 
Nozzle of No, 3 turned toward bottom of pipe. See Fig, 242. ‘« al 
Other calorimeters as before. 
Fig. 242, 


OBSERVERS, MESSRS. HEILMAN AND CLARKE. 


CALORIMETER No. 2. CALORIMETER No. 3. CALORIMETER No. 4. 


Gauge. 


Inches. 
Superheat. | 
Tempt. 


Superheat. 


Manometer. 
Inches 


Manometer. 


Per cent. of moisture of steam by Calorimeter No. 2 equal 1.5 


= 


Excess of No. 3 above average, .25%. 


| | 
No.) Tin 
1| 3.28 | 61 251.25 | 394 227 154 244 7 
2 20 | 60.5 | 251 39 227 15} 244 27 
3 30 | «60 251 45) 39 227 154 244 4.55 2 
4 31 60 251 39 227.25 | 15§ 244 27 
5| 82 | 60 250 38 2 154 244 
6 33 | 60 250 .45 | 38 16 23.5 14.6 | %.5 
7| 34 | 60.25) 250 38 174 243 26 
& 2 
| 
> =— = 
= 
8.44 | 60.5 | 251.95 244 4.35 
i a 45 | 58.5 | 251.25 28.25 | 235 23 244 27 
ar 46 | 58.0 | 251.25 38.25 | 235.5 23.5 244 “7 
47 | 57.75 | 251 | 38 236 17| 24 244 27 
= 48 56.75 | 250.5 | 87.5 237 25 243 26.5 
49) ory) a~ 25.25 242.5 8.85 25.0 
: 5.5 242 25.5 
241.5 24.5 
241 
9115 4.3 | 24 
i 
55 per cent, 
a 
e: 
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Nozzle of No. 3 turned horizontally away from current of steam, . 2 


TRIAL No. 4, 


OBSERVERS, MESSRS. HEILMAN AND CLARKE, 
| 
CALORIMETER No, 2. CALORIMETER No. 3. | CALORIMETER No, 4, 
No. Time. Gauge. 2,| § 3 $ | 
es| & 2 == x 
= @ | = 
247.5 | 35.5 223.5 11.5 43 26 
247.5 35.5 223.5 4 11.5 | 243 3.85 26 
247 4 | 3 223.5 11.5 243 26 
247.5 35.5 223.5 11.5 243 2h 
U7. 35 35.25 223.5 4 11.5 | 243 3.75 26 
247 25 223.5 1.5 | 2483 26 
247 $5 11 243 26 
247 35 223 11 243 26 
be 45 35 223 4 11 243 4.50 25 
247 35 223 ill 243 25 


| | 


Per cent. of moisture in steam by Calorimeter No. 2 equal 1.37. 
3 


«ss “ ‘ No. 2.57. 
“ “ “ “ No. 2 and No. 4, average 1.53. 


Excess of moisture in No. 3 above average, 1.04 per cent. 


TRIAL No. 5. 


Calorimeter No. 3, attached to a nipple without holes, extending nearly across 
the main steam-pipe. 
No, 2 and No, 4 as before. 


OBSERVERS, MESSRS, HEILMAN AND CLARKE. 


CALORIMETER No. 2. CALORIMETER No. 3. | CALORIMETER No, 4, 


Time. Gauge z 

& = = a | =e = 
== == 3 & 


Per cent. of moisture shown by Calorimeter No, 2 equal 1.35. 

“ “ “ “ No.3 

Average per cent. of moisture in No. 2 and No. 4, 1.47. 


: _ Excess of moisture in No. 3 above average, .388 per cent. 


= 
= 
1 | 21 
~ | ~i ant aa 21 
3 31 49 239 7 230 18 238 22 
82 49 240 35 | 231 5 19 238 3.2 22 
5 33 19.5 240 ee 19 239 | 23 
6 34 mw) 241.5 29.5 222 20 239.5 23.5 
7 35 50.5 241 | .8 20 | 233 5 21 240 3.35 24 ; : 
| 241.5 | 20.5 | 283.5 21.5 | 240 24 
{ 37 241.5 29.5 | 22 241 25 
¢ 
4 . 
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_ These trials seem to show that the difference between the qual- 
ity of steam taken from the interior and that taken from near the 
surface of the main steam-pipe, may differ an amount suflicient to 
cause an error of one half of one per cent. Calorimeter No. 4 
gave a reading ten to fifteen degrees less than No. 2 during the 
whole trial, which would indicate that the amount of moisture in 
the steam increased with the distance from the drip pipe. 


FAILURE OF CALORIMETERS. q Le 


The investigations just cited show a great difference in the 
quality of steam existing in different parts of the same pipe, but 
do not nor cannot determine what system of connection will give 
an average sample of steam. 

It seems quite probable that, in obtaining steam for calorimet- 


ric determinations, the sample is more likely to be dryer than the 
average, rather than wetter, and the resulting observations conse- 
quently show steam too dry. This is emphasized by the follow- 
ing experiment, which would also seem to indicate, that if for any 
reason a large amount of water is thrown into the pipe, « very 
large portion of it will be precipitated, and will run along the bot- 
tom and sides of the pipe as water, and will even be lifted up quite 
a distance vertically, yet not remain in the steam in the state of 
vapor. 

In the experiment referred to, Messrs. Brill and Meeker were 
measuring the efficiency of various mechanical separators for 


| 
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steam-engines, and it was quite necessary to have very wet steam 
which could be varied in quality through a wide range. 

The first attempt to make the steam wet was the addition of a 
jacket which could be filled, at varying heights, with cold water ; 
the calorimeter attached at C, as shown in the illustration (Fig. 
943), showed constantly about 4% of moisture, no matter what 
height of water was maintained in the jacket. 

An injector was then attached, so as to draw water from a 
barrel and deliver it in a constant stream at A’; the result was the 
same as before, although a steady stream of water was passing out 
from the separator, which by a rough calculation must have been 
at least 60¢ in weight of the steam. 

In order to get more moisture in the calorimeter sample, a con- 
nection was made to the vertical pipe, at d, by means of which 
the moisture in the sample was increased from 4% to 407, in some 
cases, but it was concluded necessary to condense all the steam to 
be certain of its quality. It was also concluded that a fair sam- 
ple could not be selected by a perforated nipple. 


CLASSIFICATION ANIL GENERAL DISCUSSION OF ERRORS FROM USE OF 
CALORIMETERS. 


The following classification has been found very convenient in 
the study of calorimeters, and it is presented asa means of show- 
ing readily the principle or method of operation of the principal 
instruments that have been used. 


CLASSIFICATION OF CALORIMETERS. 


The methods which have been employed to obtain the amount 
of moisture in steam may be divided into three general classes: 
first, calorimetry proper, in which the moisture is determined by 
comparing the heat in one pound of the mixture with that given 
for one pound of dry saturated steam in standard steam tables ; 
second, mechanical methods of precipitating and removing a por- 
tion or all the water; third, chemical methods of ascertaining 
the moisture in steam by the proportionate amount of some 
chemical solution in a given weight of steam, compared with that 
in the same weight of water from the boiler. 

In the first class the heat in one pound of steam is measured, 
either by condensing the steam and finding the heat by its 
capacity to heat a known amount of water, or by superheating it, 
which makes it possible to find the amount of heat expressed in 


831 7 
* 
ie 


832 NOTES REGARDING CALORIMETERS. 


British Thermal Units (B. T. U.) per pound of the steam. These 
classes can be farther subdivided, as shown below : 


Hirn’s Barrel or Tank. 
Jet Condenser { 
Injector—continuocus 
Condensing........... 4 


{ Barrus—continnous 
} Coil—continuous, 
Surface Condenser... 4 Hoadly Calorimeter 


Calorimeters........ Kent—Tank Calorimeter. 


{ External—Barrus Superhe ating 
Superheating * Universal 
\ Internal—Peabody Throttling. 
{ Separator, 


Chemical. 


Direct determination of moisture 


DISCUSSION OF ERRORS IN THE USE OF CONDENSING CALORIMETERS. 


One equation may be used to represent the quality of steam for 
all cases of condensing calorimeters. Thus let x represent the 
quality of steam or per cent. of dry steam in the mixture, JI” the 
weight of condensing water, w the weight of condensed steam. Let 
q represent the heat of the liquid, Z the latent heat of evaporation, 
T the temperature of the steam due to pressure as obtained from 
steam tables. Let ¢’ represent the temperature of the injection 
water, or of the unheated condensing water. Let ¢ represent 
the temperature of the discharge or heated condensing water. 
Then, since the heat lost by one pound of the steam is equal to 
that gained by W + w pounds of the condensing water, we have 


W —(T-2A) 
we L 

The effect of minute errors in any one quantity can be readily 
observed by differentiating with respect to that quantity consid- 
ered as a variable.* 


ly = 
) 


4W” wl 


for the quality of the steam 2 = 


Relative effect of minute error in condensing water. 


t-) 
4o 


4 
\ 
\ 
= Relative effect of minute error in condensed steam. 


* An seiabiead and full Sonn of the effect and relation of these errors and 
their respective weights is to be found in The Transactions of the Society o 
American Mechanical Engineers, Vol. X., page 874, by Prof. Denton. 
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Ax _1/W 


Relative effect of minute error in temperature of warm mae 
be 


4x —W 


+ 


Since dZ = — dT, nearly, for working pressures of steam, and 
further, is a function of the pressure, which we will represent 
by P, approximately, dP =d7T = — dJ, the error being small 


for working pressures of steam. 
Hence we have the approximate expression, © 


TP = —(¢—t) + . 


Relative effect of error of steam pressure. 
Assuming values of 


W = 360, ¢=110°, w= 20, 
/? = 88 pounds absolute, Z = 890, 7’ = 318, 


we shall have the following results by substituting in Formula (1) 


60 


1 


Suppose JW, 1¢ or 3.6 pounds, . *, 

4z = 1.24. «214; 3) of 

Treating the other formulas in a similar way, we can tabulate 

the results as follows, thus showing the — in quality due’ toa 

single error, the data as given 


‘ 
| 
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Relative effect of minute error in temperature of cold water. 1 

With respect to Z and 7, 
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TABULATION OF ERRORS. 


Tempt.= 50° F. Tempt.= 110° F. Pr. = 88 Ibs. coals 


In In Te ae 

n Tempt. In Tempt. Steam 

Condensing Water. | Condensed Steam, Cold Waner. Warm Water. | Pressure. 
— Error. Error. Error. 


Lbs. Pert Lbs. | Perct. Degs. | Perct.| Degs. | Perct. | Lbs. Per ct 


Total = 3601bs. | Total wt. = 20 Ibs. 


3.6 1.0 0.2 1.0 58 1.3 05 om 7.0 0 1.2 
1.8 0.5 0.1 27 0.6 0.30 3.5 4.0 0.6 
1.5 | 0.40 v4 18 0.5 | 2.5 | 8.0) 3.5| 035 
0.3 | 0.08 016 0.08 04 | 0.1 | 0.00 0.7) 0.1 


= 3001bs. Total wt.| = 20 Ibs, 


Total 


1.5 0.5 0.1 0.5 0.2 2.2 0.5 


The weights of water usually taken with the barrel calorimeter 
are from 300 to 400 Ibs., while the weight of the steam condensed 
varies from 16 to 20 lbs., and the corresponding temperatures 
have a range of 50° to 70°. For these cases it will be found that 
the percentage of error in quality, supposing other data correct, is 
approximately the same as the percentage of error in the weighits, 
and the limits of accuracy in the result would be determined by 
the percentage of error of weighing. The error in thermometer 
determination has nearly the same effect, whether made before 
or after the water has been condensed, and, for the weights usu- 
ally used, the error of one-fifth degree in temperature has about 
the same effect as one-half of one per cent. error in weight, with 
the resulting effect of making an error of about the same amount 
expressed in percentage in the quality of steam. 

The practical deductions from this analysis are that the best 
determinations require very accurate instruments, and that scales 
weighing the condensed steam must read accurately to twentieths 
of one pound, and thermometers must give accurate temperatures 
to one-fifth degree to make the result from single observations 
correct within one-half of one per cent. 

Furthermore, it is not probable that, even with more accurate 
instruments, the resulting errors of observation, which include 
loss of heat by the calorimeter, can be made less than those 
quoted, and it is hardly probable but that errors of observation 
are likely to amount to as much as one-half per cent., with the 
apparatus in the form actually used in most boiler trials. 

Determinations made with the best apparatus and with the 
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favorable surroundings of a laboratory, often produce one or two 
discordant and impossible results in each series. For instance, 
in a series which generally shows moist steam of a uniform qual- 
ity, one or two observations often show superbeated steam as in 
the case submitted, which was made with great care, and with 
accurate instruments. 

This superheating can only be accounted for by an error in 
weight of the condensed steam, or by an error in the temperature. 
The error in temperature would probably tend to make the per 
cent. of moisture too great—it would seldom produce the converse 
effect; the error in weight is often caused by the withdrawal 
of a couple of ounces of water with the hose that was used to 
supply the steam, for the reason that such an error would produce 

~ that effect and is very likely to occur in spite of precautions that 
_ may be taken. To counteract that effect the writer hus recently 
used an iron pipe with a hose connection, and an air cock in- 


Fig. 244. 


-serted above the water line, which is not removed from the barrel 

during the operation of weighing. (Fig. 244.) In this case the 
weight must be corrected for displacement of water by the pipe. 


THE INJECTOR CONTINUOUS CALORIMETER, 


Continuous calorimeters of the condensing type seem to pre- 
sent the advantage over the barrel calorimeter in general, of bet- 
ter opportunities for measuring the temperatures of the condensing 
water before and after condensation of steam has taken place ; 
while in some instances ihe separate weighings of the condensed 
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steam and condensing water give an opportunity for greater ac- 
curacy, since the error in the result is for a given error in weigh- 
ing, nearly inversely as the weights. A continuous calorimeter 
which is simple in form has been used in the laboratory to a con 
siderable extent the past winter, and, although it presents in the- 
ory many objectionable features, gave us in practice quite uniform 
and satisfactory results. From the fact that the instrument used 
in most of the observations was a small injector, I have given it 
the name of the Injector Calorimeter. The method of connecting 
and of using is shown clearly in Fig. 245. Jf is the main steam. 
pipe, / a steam-gauge, Sis the pipe leading steam to the calor- 
imeter, B isa tank of cold water on scales from which the supply 


Fig. 245, 


is taken, A is a receiving tank on a pair of scales. The tempera- 
ture of the injection water is measured at e, and of the discharge 
water by a thermometer at g. The tank P was set so as to de- 
liver water to the injector with little or no head, so as to obviate 
any correction for external work. The steam was regulated, so 
that the temperature of discharge was kept about constant at _ 
110° F. In using the calorimeter, it is first started, and after 
reaching a constant working condition the poise on the scales 7’ 
is set at a given point, and the instant the scale beam rises, the 
discharge water is transferred to the scale /?', the reading of 
which had previously been taken. 

The run was terminated in the same way, without interfering 
with the operation of the instrument. A design for the same 
instrument made of pipe fittings is shown in Fig. 246. ; 
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The use of two scales of equal accuracy is required by this 
~ method, and constitutes a serious objection to this form of calor- 
og . 

imeter; but the range of temperatures can be maintained very 

uniform, and if the discharge temperature is maintained about as 
much higher than the temperature of the room as the injection 

water is below, the correction for radiation may be neglected. 


Steam 


BS 


‘The attempt was made to use the instrament with a single pair 
of scales /2', and tank, A, the connection being shown by 0 
ted lines in the figure. The constant increase in temperature of 
the injection water, and the correction for work done in raising 
the water, rendered this method somewhat unsatisfactory, 


THE THROTTLING CALORIMETER. 


_ We are indebted to Prof. Peabody for this calorimeter, the 
equation for its use, and the first discussion of its results.* In 
the use of this instrument in the laboratory, Mr. C. L. Heisler 


* Attention has bean: called to the fact that Patent 401, 111, dated April 9, 1889, 

and filed in Nov., 1888, in Claim 1V., may cover the throttling calorimeter as 

_ described by Prof. Peabody iu October, 1888, Vol. X., page 237, and also the 
Heisler calorimeter. 


r 


ith 
|| 


- Mr. C. Hicks, in 1889, confirmed, experimentally, Peabody's 
_ statement that in a general way the sensitiveness and accu- 
racy of this instrument were increased as its size was dimin- 
ished. This led to the design of the Heisler calorimeter. This 
calorimeter has a total length of 14 inches and a total weight 


| 


Fig. 24 Zs 


of 44 pounds, including valves. It is constructed ready for at- 

tachment to half-inch pipe, and as shown in the following cuts. 
(Figs. 247 and 248.) 

This instrument consists essentially of a small angle globe 

valve secured to the swivel union, which holds the non-conduct- 


‘ 


a 
ca 
| 
| 


NOTES REGARDING CALORIMETERS. 839 
ing washers and removable throttling disk direct/y against the wall 
of the S-shaped chamber enclosing the copper thermometer tube. 
At the lower opening of this chamber is also a swivel-connected 
angle discharge valve, the conductivity of heat to the discharge 
pipe being prevented by the washers in the union; the condue- 
tion to and from the apparatus being thus reduced to a minimum. 

An examination of the peculiar interior construction will show 
that the steam from the throttling disk impinges directly, at right 
angles, against the thermometer tube; the steam must cross the 
plane of the thermometer tube three times before finding its exit 
from the chamber, thus securing a good circulation. The weight 


q 


To Manoniete. 


‘| 


Thermometer Tube 


and size of the instrument can be estimated by comparing it with 
the 3 and § angle globe valves. 

The convenience for connecting is evident from the presence 
of the unions and angle valves. 

The mercury U tube, or manometer, is used in preference to 
the less reliable low-pressure gauge. 

The manometer can be readily filled by means of a provisory 
tunnel, formed with the index finger and thumb, while the instru- 
ment is held in an inclined position within a pasteboard box, or 
other suitable receptacle, to avoid a waste of mercury. The 
manometer should be placed, with respect to the position of the 
calorimeter, about as shown in the cut, thus avoiding the slight 
possible error due to the head of the water collecting in the rub- 
ber tube connection. The small thumb cock must be opened 
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cautiously to prevent the danger of blowing the mercury from the 
tube. 

The form of the Peabody Calorimeter shown in the following 
cut (Fig. 249) is also in use in the laboratory, and was designed by 
the writer. It has the merit of cheapness and portability. Its 
cost without valves or thermometer ied need hardly exceed 50 
cents, and its weight without valves is 2 pounds. It is constructed 
as follows, out of gas pipe and fittings: Using a tee for three- 
quarter inch pipe, screw into the top a thermometer plug; put a 
bushing into the side, opening into which screw a three-eighth 
inch nipple, the end of the — being capped at O, and in which 


Fig. 249 


a hole one-eighth inch in diameter is drilled and reamed out so 
as to present a thin edge to the incoming steam and make an oni- 
fice of known area. A one-eighth inch air cock is inserted in 
the tee somewhat out of line of the inflowing steam, to which can 
be connected the tube C' of a mercury manometer, /, for measur- 
ing the pressure in the calorimeter when desired. The steam may 
be exhausted directly into the air through the nipple Z,or a hose 
may be attached, and the steam condensed. 

The thermometer cup may be omitted and the thermometer 
held in place by a perforated rubber cork, pressed into a top bush- 
ing. In this case no wooden or other insulating device to pre- 
vent the transmission of heat from the high-pressure steam to the 
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The construction is the same as shown in Fig. 249, except that 
the thermometer cup is omitted, and to steady the lower portion 
of the thermometer a basket of wire gauze is inserted and held in 
place by the outward pressure of the rubber cork. 

The use of these instruments does not differ in any particular 
from that deseribed by Prof. Peabody, in paper, page 327, Vol. 
X., for one of different form. The method is substantially as 
follows : Connect the calorimeter so that the sample of steam shall 
first pass through the small orifice and expand in the calorim- 
eter to a pressure shown by the attached manometer. Take the 
temperature of the steam in the calorimeter, which should exceed 
the normal temperature due to that pressure ; if there is no super- 
heat in the calorimeter the instrument is not operative, due to an 
amount of water exceeding the limits of the calorimeter; if the 
steam flows directly from the calorimeter into the air, a manome- 
ter on the calorimeter is generally unnecessary, as the pressure 
will not sensibly exceed that of the atmosphere; a connecting 
pipe or hose for the exhaust rarely gives a back pressure exceed- 
ing one-half inch of mercury, which difference will make only 
about one thermal unit in difference of temperature, which is an 
almost unappreciable amount when reduced to percentage of 
moisture. 

The equation for the use of the throttling calorimeter can readily 
be reduced to a form which, for the conditions of ordinary use, 
are easily tabulated or represented graphically, so that the results 
may be taken directly from a table or diagram without previous 
calculation. Thus, if we represent the quality of the steam by z, 
the latent heat of the steam in main steam-pipe by ZL, the heat of 
the liquid by q, the total heat of steam due to pressure in the 
calorimeter by H, the specific heat of steam by k, the reading of 
the thermometer in the calorimeter by 7) and the normal temper- 
ature of the steam at calorimeter pressure by ¢, we have, suppos- 
ing the expansion to occur without gain or loss of heat, eZ + g = 
H+k (Tt). 

If the pressure in the calorimeter is atmospheric or nearly so 
#1 and ¢ will be constant and have a value due to atmospheric 
pressure ; that is, H will equal 1146.6 and ¢ will equal 212. In 
such a case the value of x is the equation of a straight line corre- 
sponding to the ordinate, and 7'—t is the variable corresponding to 


the abscissa, > is the tangent of the angle made with the axis of 
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abscissa, and is the point where the line cuts the axis of 


k{|7—t)+ H— 4. 
L 

equation for the per cent. of moisture | —.r is also a straight line. 

Since l— = +L. Since diminishes 

with the steam pressure, the lines representing the ditferent equa- 


The 


ordinates. The equation being « = 


\ 


+ + 
THROTTLING 
| CALORIMETER. 


| | 
PERCENT 


; + 
SUPERMEAT IN CALORIMETER-ORC NATE 


CURVES-COASTANT GAUGE PRESS 


Lofimeter 


DEGREES CF SOPERMEAT 


Fie. 250. 


tions for pressures will not be quite parallel, although nearly so. 
The accompanying chart (Fig. 250) is a graphic representation 0 
these equations for the usual range of steam pressures, and on 
which the per cent. of moisture can be read to one-fourth of 
one per cent., the diagram shows the per cent. of moisture or 
1—x, as abscissa the amourt of superheat in the calorimeter, or 
7T'—t as ordinates, and the steam pressure, absolute, by the diay- 
onal lines. The chart will save considerable labor in reducing the 
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results of determinations made with the throttling calorimeter, 
It also shows the limit of moisture which may be determined at 
each pressure. These properties are perhaps better exhibited in 
the diagram (Fig. 251), in which absolute steam pressures are 
made ordinates, the amount of superheat abscissa, while the per 


cent. of moisture is shown by the curves. Dy use of the chart, 
_ Fig. 251, superheat and pressure given, the per cent. of moist- 
ure in steam may be read off directly, as closely as required in 
ordinary practice. The following table gives, for the ordinary 
‘steam pressure, the per cent. of moisture due to a given tempera- 
ture in the calorimeter 


COMPUTED BY P. J. DARLINGTON, 


(Per cent. of moisture.) 


GavuGE PRESSURE. 


0253 0290 307 | 033 3: 0354 0368 
0227 0263 0327 0340 
0201 0237 0800 0313 
O173 | 0210 7 0273 
0147 j C184 O26 
0122 0157 73 2 19 0233 
0095 | 2 0130 7 77 oO192 0206 
0069 O14 35 5 0165 
0016 32 OOS1 O11 OID 
0063 7 OUD 0030 
0116- OOS2 0024 


00052 3 | 00053 00053 00054 5 00054 | 00054 
| | | | 


The foregoing tables and the following remarks apply principally 
to the calorimeter when exhausting into the air without back 
pressure, this being the condition under which the calorimeter is 
usually used. This property of the throttling calorimeter renders 
it very convenient to use, as by means of the above table the 
amount of moisture can be read directly, knowing the pressure 
in the main steam pipe and the temperature in the calorimeter. 
A negative sign mbowsg a number denotes per cent. of 


WATER IN STEAM.—BY THROTTLING CALORIMETER, 
Tempr. | 
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In obtaining percentages small errors in pressure gauge or in 
thermometer make very little difference in the resulting moisture. 

Thus at 80 lbs. absolute steam pressure an error of one pound 
in the gauge reading will make a difference of only .07 of 14 
of moisture, while an error of 2° in thermometer reading 
will make a little over 0.1%; this permits the use of instruments 
If the calorimeter 
exhausts directly into the air, the back pressure may in general 
be neglected, and a thermometer will seldom be required reading 
higher than 260° or 300° F, 

The error caused by loss of heat in the calorimeter by radiation 
is very difficult to estimate. This loss is probably a function of 
the surface of the calorimeter, divided by the amount of steam 
passing through it in a given time. It is very small for a large 
flow of steam, as the reading of the thermometer is often not 
changed by putting on or taking off a felt covering from the 
calorimeter, but on the other hand may be very large for a small 
flow. The following is a comparison of two of these calorimeters, 
both on the same steam line about 6 feet apart; No. 4 being on 
a vertical pipe, No. 3 on a horizontal pipe, with an elbow between 
them. These calorimeters were alternately clothed and unclothed 
with a covering of hair felting three-quarters of an inch thick. 

The sketch shows the location of the calorimeters, (See Fig. 
241.) 


EFFECT OF ERRORS. 


of ordinary accuracy and small first cost. 


COMPARISON OF TWO THROTTLING CALORIMETERS. 


First Run. 
TEST BY MR. ARNOLD. 


Neither calorimeter covered. No, 4 in vertical pipe; No. 3 in horizontal. 


| 
Thermometer Manometer 
| Steam Pressure. Reading Reading Per Cent. 
| in Calorimeter. in Calorimeter. of Moisture. 
| 
By No. 4. | No.3. 
Gauge. Absolute.) No. 4 | No. 3 Inches. | Inches. No.4. | No.3 
— 
1 3.25 56 71 256 247 00.95 01.40 
2 3.30 60 24 243 2 01.15 01.50 
i 3.35 61 76 255 239 2 01.05 01.70 
4 3.40 re 258 2 01.00 01.35 
5 | 3.45 65 80 259 250 


Average moisture in Calorimeter No. 4, 1.06 of one per cent. 
Average moisture in Calorimeter No. 3, 1.56 of one per cent. 
Difference in favor of No. 4, 0.50 of one per cent. 


NOTES REGARDING CALORIMETERS. 


Seconp 


Calorimeter No. 4 covered with a covering of hair felting } of an inch thick. 
No. 3 as before. 


Thermometer | Manometer 
Steam Pressure. Reading | Reading 
| in Calorimeter. in Calorimeter 


Per Cent, 
Moisture. 


Gauge. Absolute, No.4. | No. Inches. | Inches. 


1,65 
1.45 01.20 
1,30 a 65 
1.20 00.50 
1.10 | a 00.90 


| 

| By No. 4. No. 3. 
| 


“Average moisture in Calorimeter No. 4, 0.50 of one per cent. : ; 
= moisture in Calorimeter No. 3, 0.93 of one per cent. De ede j 
Difference in favor of No. 4, 0.43 of one per cent. sine “m5 
In the foregoing case, the effect of the covering was hardly per- 
ceptible, as the difference in the amount of moisture shown by 
the two calorimeters remained nearly constant at 00.5 of ly. In 
the trial which follows No. 1 and No. 2 were tested, first by 
carefully wrapping No. 1 in hair felting and leaving No. 2 
uncovered, and then reversing the conditions. Calorimeter No. 3 
was used to compare the other results with ; it was connected to 
an unperforated nipple, extending nearly across the pipe, care- 
fully clothed, and remained unchanged during both trials. 


COMPARISON OF TWO THROTTLING CALORIMETERS. 
First TRIAL. 


Calorimeter No. 1 clothed with hair felting 3 of an inch thick. No. 2 not 
clothed. 


| | CALORIMETER CALORIMETER CALORIMETER 
| No. 1. No. 2. | No. 3. 


Pounds of 
Steam 
during Kun. 


Gange 
Pressure. 


| 


Tempt. 
Amonnt of 
Manometer. 

Inches 


| Superheat. 


Superheat. 
Manometer. 


Manometer. 
Inches 


| 


| 


From No.1, 


| 


From No.2, 
1.0 


ISU | 


AL 


8.5 
28 (From No.4, 
28.5 2.0 


} 
| 


No. | T 
| | No. 4 No.3 
1/8 
4 
3 4 
4 { 
| 
} > 
& | 
38 | 953.5 4 | 235 | 23 
39 253 4 235.5) 1.4 23 
39.5 | 258 4 236 | | 24 
39.5 253 1.4 | 4 ) 1.5 239 | 27 
; 39 | 253 4 5 239.5, 1.3) 27 
41 | 253 4 j 1.6 240 
41.5 | | 4 240.5 
42 253 4 240 
1 31 42 253 1.6 @.5 | | $00.5) 1 
|_| 
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Calorimeter No. 1, not clothed; Calorimeter No. 2, clothed 


} CALORIMETER CaLonmeter— | CALORIMETER 
No. 1. No. 2. No. 3. yf 
No. Time. Gauge | | Steam 
= Es Ef is = 
= | = 
1 4.50 4.5 | 49 36 241 29 23 
2 4.5! 49 249 240.5 29 23.5) 
3; 4.52 | 61 218 2.4 35 | 242.5) 1.2 wo 27 | 
4 | 4.53 49.5 | 248 B45 243 31 29 «| 
5 4.54 48 248.5 35.5 244 1.8 2 30) From No. 2, 
6 4.05 45.5 2.1! 36 245.5 33 31 1.60 
7 41.56 44.5 20 | 37 246 oA 244 | 32 | 
8| 4.57 45 249 | 36 | 247 | 1.5] 35 | 241 2» | 
9 4.58 45 ue i) 2.3 36 247.5 35 | 200 | 1.4 38 From No. 4, 
10 4.59 46.5 248 | | 3 | 247 | 35 | 239.5 | 27 2.5 


| | 


In the first case Calorimeter No. 1, clothed and ais two 
and one-half times as much steam as Calorimeter No. 2, which 
was not clothed, showed 0.32¢ of moisture, as against 2.20¢ in 
Calorimeter No. 2 

In the second case, Calorimeter No. 2, clothed, No. 1, not clothed, 
but No. 1 discharging twice as much steam as No. 2, gives as a 
result 0.85¢ of moisture in Calorimeter No. 1, as against 0.86% in 

Calorimeter No. 2. 

Calorimeter No. 3, clothed in both cases, and in same condition, 
showed in the first case 1.05% moisture, and in the second case 
1.1% moisture. 

Supposing the quality of steam to remain the same in the two 
cases, Which is seen to be true within .05 of 1% by a comparison 
of the ae from Calorimeter No. 3, we see that with 
the Calorimeter No. 1, having a flow of steam from 25 to 35 Ibs. 
per hour, the remov of the clothing increased the amount of 
moisture 0.53 of 1¢, while with ¢ ‘alorimeter No. 2. flow of steam 
from 10 to 16 lbs. per hour, the addition of clothing decreased 
the amount of moisture 1.14¢ 

This trial seems to show the importance of radiation determina- 
tions, which are probably only to be made by comparing the 
result of a trial made on steam of aknown quality, 
ERROR DUE TO SPECIFIC HEAT. 

The effect of error, from the fact that the specific heat of steam 
at high pressure is not known, cannot be determined except by a 
series of observations on steam of a known quality. It seems to 
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the writer that this calorimeter affords a ready means of deter 
mining the variation in the specific heat of steam, at different press 
ures, even if the results cannot be obtained in absolute unit: 
Thus, if steam of a known quality be used, and expanded to a 
lower pressure by passing into the calorimeter, supposing no loss 
or gain of heat, all the quantities involved would be known 
excepting the specific heat of steam. Thus supposing the original 
steam slightiy superheated, and let 77 represent the normal leat 
ina pound in B.T. U. of dry and saturated steam, 7’ its normal 
temperature, 7’ its actual temperature, A’ its specific heat, also 
let H, A, ¢, and ¢’ represent similar quantities for a second calor- 
imeter, using the same steam, then, ry 


from which the ratio of A to A’ may be found. 
This method is now the subject of investigation in the labora- 
tory. 
THE CHEMICAL CALORIMETER. 


- Two observers, Messrs. Bierbaum and Fitts, made a number 
of experiments on a calorimeter of this sort. The results were 
very promising, but some trouble with standard solutions pre- 
vented exact results in some cases. 

The method used consisted in adding a little common salt, say 
three or four ounces, to the water in the boiler, it having been 
previously found by trial that dry steam would not absorb any of 
this salt; if a given weight of the steam be condensed, and if it be 
found to contain salt, it will be due to water mechanically en- 
trained. 

The proportion that the salt in a given weight of condensed 
steam bears to that in a given weight of water, drawn from the 
boiler, is the percentage of moisture in the steam. The metliod 
of analysis is a volumetric one, and is very accurate and rapid. 

The methed is as follows: Draw from the boiler a small amount 
of water and condense an equal weight of steam, which are to be 
kept in separate vessels. Add to each of them a few drops of 
neutral chromate of potash, but in each case an equal quantity, 
which amount may be measured by a pipette ; the same amount 
should also be added to a vessel containing an equal weight of 
distilled water, in order to obtain a standard or zero point for 


the scale used in the analysis. wae , 
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sy means of a graduated pipette a titrated solution of nitrate 
of silver is permitted to flow, a single drop at one time, into each 
of the three solutions. The effect is to cause the formation of the 
chloride of silver, and until that formation completely takes place 
the resulting liquid will be whitish or milky, but because of the 
presence of the bichromate, the instant the chloride has all been 
precipitated the liquid turns red. The amount of nitrate of silver 
required is measured by the graduated pipette, and gives the 
information regarding the salt present. 

The following example is taken from the French journal 
L’ Industria. 

Using in each case 100 eubie centimetres of liquid, containing 
a few drops of neutral chromate of potassium, and dropping 
a titrated solution holding 10.8 grammes of silver to the litre, the 
following result was obtained : 


AMOUNT OF NITRATE OF SILVER REQUIRED TO TURN 100 c. c. RED, 


| 
10 c. c. of Trial | Trial 


| ‘Trial | 
First. | Second. | Third. 
| 

Condensed Steam. O.1e.c. | O.05e.¢.) a 

Water from the Boller............. .... 18.6¢.c. | 14.0¢.c. 13.35 ¢. ¢. b 

0.00369 0 0.00875 Average, 0.00248 


Letting the results with each of these samples be denoted by 
a,b, and ¢ respectively, and the amount of moisturel—a2 


4 
Cc 
i 
b-—e 
This gives the following results: , 
First Trial. Second Trial. Third Trial. 
mount Moisture ....... | 13.6— .08 0087 14.0—0.08 | 13.35 —0.05 00875 


Average = 0.0025. 
This method is evidently applicable only in determining the 
amount of moisture in the steam as it leaves the boiler, and will 
give us no information regarding the additional moisture that may 
be added to the steam by condensation. 
It will determine the amount of priming of the boiler only. 
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The following form of calorimeter has been in use in the 
laboratory experiments at Sibley College for some months, and, 
from comparisons made with other calorimeters, promises to be 


sufficiently accurate for ordinary commercial purposes ; it pre- 


sents the advantage over the throttling calorimeter, of not failing 
to operate for a small quantity of moisture, and over the other 
forms, of being more portable and less likely to be deranged. It 
can be made to give quite accurate geri without the 

use of pressure gauge or thermometer, in fact for ordinary qual- 
ities of steam neither of these secoeanare is required. The ac- 
curacy of the instrument depends upon the complete mechanical 

separation of the entrained water from the steam, the water being 
discharged and caught below; the dry steam is discharged through 
the orifice O, and condensed in a supplemental vessel of a 
and weighed, or, knowing the pressure and area of orifice (/, it 
may be computed. 

The proportion and form of chamber and ratio of area of dis- 
charge to that of supply have been the subject of careful experi- 
ments; and in the recent forms of instrument with supply pipe 
one-half inch in diameter and discharge orifice one-sixteenth inch 
in diameter, we have been able to secure not nearly dry but per- 
fectly dry steam in the exhaust through a wide range of steam 
pressure and quality of steam. The accuracy of the instrument 
depends entirely upon the exhaust or discharge steam being per- 
fectly dry ; to determine that a throttling calorimeter was attached 
directly to the exhaust orifice of the form previously shown, and 
a calibrated pressure gauge was attached to the calorimeter at . 

The following show some of the results of these determinations. 
The first case is a test of the exhaust steam from a high-pressure 
cylinder to the intermediate in a triple-expansion engine. Tle 
temperature and quality of the exhaust steam were obtained from 


the throttling calorimeter, attached as described. a 
4 
SEPARATOR CALORIMETER DETERMINATION OF QUALITY OF EXHAUST 
STEAM FKOM HIGH-PRESSURE CYLINDER. 
The water was maintained as nearly as possible at the same 
level in the gauge glass during the run. 
The per cent. of moisture was calculated by the formula 
W 
1 


| 
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in which W= the weight of water precipitated, corrected for 
radiation loss of the instrument, w = the weight of steam con- 
densed or caleulated. The following table exhibits data and 
results : 


First (Second! Third | Fourth 
trial. | trial. trial. trial. 
Beginning rnn time.................. | 7:35 10:08 11:42 
.| 7:80 901 10:23 | 11:57 
Steam in run condensed... 19 oz | Woz. Woz, 
Steam per hour Ger)... Th oz, 72 80 
Gauge pressure Ad 2 40 ; 36 
Absolute pressure 54.5 | 49.5 51.5 
Water precipitated in run 3} oz 34 oz. 3 3} 
Water precipitated per hour (te') 13.0z. | 0z.! 12 | 18 
Throttling Calorimeter. — Temperature | 
of exhaust steam 258° 255° | 
Throttling Calorimeter. — Quality ex 


haust steam............ 99.95 99.93 99.99 99.98 Calculated from 


gram, Fig. 251. 


dia- 


Radiation correction to precipitated } 


water per hour 02. oz, 4 02. Computed. 
Correct weight entrained water (7). 12) 10 114 12. | 
Quality, 8.96 | 87.88 |) 87.5 86.05 
Per cent. moisture, 1—2......... 14.04 12.12) 12.5 13.35 | 


The determinations by the throttling calorimeter show dry steam 
within the limits of errors of observation. 

The following are tests of the quality of steam discharged from 
the orifice O, in a few of the determinations made by Messrs. 
Brill and Meeker, on a _ test of the comparative values of 
different separators for steam-engines. In this case two calor- 
imeters of this type were used. One, marked A on trials, was 
placed in advance of the separator to be tested; the other, marked 
B on the trials, was placed so as to test the quality of the steam 
after passing the separators. Tle readings of calorimeters 4 and 
2 were taken simultaneously. To change the quality of steam 
the main pipe was surrounded with a jacket filled with cold water, 
which was maintained at a greater or less height as desired, 
thus producing more or less moisture in the steam-pipe. (See 
Fig. 243.) The complete observations are given on four trials, 
after that simply the averages of the separate trials. From these 
it is seen that, for quality of steam entering the calorimeter, vary- 
ing from 70¢ to 100%, the discharge is dry, within limits of error 
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SEPARATING CALORIMETER. 


TRIALS BY BRILL AND MEEKER. 


Examination of Exhaust Stean 
Observations on Separator Calorimeter. from Calorimeter 
by Throttling Calorimeter 


Steam in 


Exhaust, 


Observations 


Calorimeter. 


Gauge 


Duration 
Run 
Minutes. 
Pressure. 
Pounds. 
Quality 
Steam 
Per Cent. 


Tempt. in 
Calorimeter. 


| 
| 


Average of 24 observations............. 


Bi 
A\ 
Bi 


oreo 


oo 


we 


o 


| T | P | w | w = t | r 
282 100.0 
282 100 0 
A 25 83 288 100.10 
} 794 289 100.35 
; | 0.15 4.85 97.0 
85 99.5 
76 } var 100,02 
76 | 99.98 
B | 280 90.98 
= 81; | 99.9 
78 281 99.95 
25 0.175 5.55 | 96.94 
81} 288 100.1 
A 81} | 238 | 100.15 
R14 289 100.2 
| 
1.95 4.61 78.63 
794 é | 233 100.00 
783 | 282 | 99.80 
| 80 | 252 | 
B | | 80 233 99.08 
| | %6 282 100.05 
| 0.151 | 5.45 97.82 | 
| | | | 
| 8! 99.95 6 
100.00 6 
& 100.00 
| 99.95 6 
A$} 25 100.00 
6 Bi} 235 100.00 
Bi} 24 99.9 
20 8 100.00 
Bil 20 81 99.98 
April 20 74 100.05 
17 20 100.05 
20 100.0 
20 8) 0.2 
A\ 20 2.2 
20 A 20 82 
Bi | 20 81.1 | 0.20 
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- From a remark by Mr. Barrus, Vol. XL, page 793, in a paper on 
Universal Steam Calorimeter, I conclude that his attention had 
~ evidently been called to a calorimetric method on this plan, for 
he states: “ When the drip-box is used in this way, the author 


has found that almost the whole quantity of moisture in a sample 
will be deposited here, and very little moisture will be left to pass 
over into the heat-gauge. Indeed, the experiments show that the 
drip-box alone, with a suitable orifice or valve provided at the top, 
7 so as to obtain a proper circulation through it, would form a very 


-™~ : 
\ 
| 
| 
- rk * 
Separator Calorie ter 
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satisfactory instrument for determining the quantity of moisture 
in any case where the steain contained much of it.” We find in 
our trials that it is even as reliable and as accurate as the barrel 
calorimeter, for small quantities of moisture, and even for small 
degrees of superheat, when the radiation loss or condensation 


7 


deposits some water, so that the escaping steam is not super- 
heated. For these cases, however, a throttling calorimeter is 
more convenient, and one is readily formed by screwing on to 
the discharge nipple for the sample, a tee, opening downward and 
containing a thermometer cup screwed into the top opening. 


2) 
| 
| | - | The Sepa ratin g Calorimeter, 
as | | } 
| 
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<1 FORM OF THE CALORIMETER. 


Two forms of the calorimeter have been in use, one shown in 
Fig. 252, made up of pipe fittings ; steam is supplied through the 
half-inch pipe at S, the water is condi in the chamber A, and the 
dry steam is discharged through the orifice O. A hose can be 
attached to the exhaust pipe and carried to a vessel of water. 


where it may be condensed. 
The form more recently adopted, shown in Fig. 253, is a steam 
—— ator in miniature; steam is supplied at S through a half 


partition B; the dry steam rises and passes out through the orifice 
0, while the moisture and entrained water is precipitated in the 
chamber 4. The height of this water can be told by the glass C, 
while the graduated seale along the edge gives the weight in 
hundredths of a pound. In this form, gauge or thermometer con- 
be 


glass connections are made somewhat heavier than shown in the 
figure. This form has proved less likely to leak than the former, 
is more compact in shape, and more convenient to use. 


METHODS OF USING. 


4 


In the use of the instrument it has been our practice in general 
to lead a hose from the exhaust to a condensing vessel, and con- 
dense the steam for a run of one-half or one hour in length. This 
is readily done, since with 80 lbs. steam pressure the weight of 
dry steam discharged will not much exceed 12 lbs., and would 
require a condensing vessel] containing only about 200 Ibs. of cold 
water. The entrained water is to be drawn off from time to time 
during the run, keeping it at about the same level; this may be done 
almost automatically by setting the cock so as to drip slightly ; 
this water may be discharged directly into a glass flask through 
the cock W, which will in general cool it sufficiently to prevent 
any vaporization ; in fact, in most cases we have found that the 
slow drip of water through the tube was effectual in cooling it as 
low as 100° Fahr. 
In ease the weighing is to be done by the attached graduated 
scale, the cock can not be set so as to drip, and if the capacity of 
the vessel is not sufficient for the water during the run, it must 
be drawn off at intervals. In starting and stopping the test, the 
instrument should be working under uniform conditions, and as 


— 
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these are likely to be somewhat affected by drawing out or putting 
in a hose in the condensing water, more accurate results are 
attained by setting the poise of the scale containing the condens- 
ing water somewhat in advance of the weight, and the instant this 
scale beam rises, commence the run. Stop in a similar manner, 
In general, however, I would advise an accurate determination of 
the area of orifice 0 and the use of a pressure gauge on the calor- 
imeter, then compute the discharge of the dry steam by Napier’s 
Rule : 

absolute pressure x area in sq. inches 


70 


Flow in younds per second= 


as more accurate than the process of weighing. The error by the 
use of this rule was shown by Prof. Peabody not to exceed one or 
two per cent. The following table is convenient for calculation : 


TABLE OF DISCHARGE OF STEAM IN POUNDS PER HOUR CAL- | 
CULATED BY NAPIER’S FORMULA. 


POUNDS OF STEAM. 


Absolute pressure 
pounds. 


Diameter of orifice Diameter ty Diameter of orifice 
inch. i inch. 


.039 
.118 
.158 
.197 
237 
.354 
095 
.789 
.183 
.578 
.972 
. B67 
.761 
156 
550 


© 


CO 


tor 


ERRORS FROM USE OF THE INSTRUMENT. 


_ Let W= the weight of entrained water. 
_ Let w=the weight of the dry steam discharged in a given 
time. Let 1— x = per cent. of moisture in the steam. are 


4 
| 0 0.158 
0 0.473 
( = 0.789 
( 
( 
20 ( 8.155 12.622 
50 1 81.556 
60 2 37. 867 
2 44.178 
80 12.623 50.488 
90 3 14.2000 56.800 
100 3.947 15.778 | 63.115 


~ Then allowing no loss for radiation 


From the examples actually quoted w is likely to run ess than 
5 Ibs.; in this case the error of one-tenth of a pound in weighing 
the eutrained water W might make an error of 27 in the result. 
To make the error less than one-fifth of 1¢ the value of W must 
be taken aceurately to one one-hundreth of a pound, or to about 
one-sixth of an ounce. If the run is longer, the error would have 
less effect, as it diminishes in proportion to the amount of steam 
discharged. 

Condensation Loss.—Sinee such small quantities of water have 
such a marked effect on its accuracy it will evidently be necessary 
to ascertain and correct for the condensation produced by the 
instrument itself. We have made this correction by drawing off 
samples of steam nearly dry, taken as nearly as possible under the 
same conditions, in a throttling calorimeter carefully wrapped up 
and in the separating calorimeter. The quality shown by the 
throttling calorimeter is assumed to be correct, and knowing this 
the corresponding condensation loss is computed, as already 
explained. 

Let this loss in pounds for the same length as the run, which 
should for convenience be reduced to a standard of an hour in 
length, be denoted by r. Then the corrected value of per cent. 
of moisture would be 


w t+ W + r 


With careful handling the instrument will give results within 
one-half per cent., depending largely on the method of handling 
the instrument and the accuracy with which the radiation loss 
can be determined. This radiation loss is no small amount, often 
in itself being sufficient to make a difference of over 2¢ in the 
determination. 


bead 
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The following is a determination of radiation loss, made by 
Brill and Meeker : 
7 

COMPARISON OF QUALITY DETERMINATIONS ON SAME SAMPLE OF 

STEAM, WITH THROTTLING AND SEPARATING CALORIMETERS, 

7 TO DETERMINE RADIATION LOSS OF SEPARATING CALOR. 
IMETER. 

AVERAGE OF 3 RUNS, 20 MINUTES EACH, 


SEPARATING CALORIMETER Turorriine 
CALORIMETER 


Steam 
Pressure Wt. of ' Radiation | 
Gauge. Steam Wt. of Total Ww Loss by 
during Entrained Wt. of Ww - | Condensa- 
Run | Water. Steam. @. tion, 
Pounds. | Pounds, 


of 
Moieture 


Temperature 
in 
Calorimeter 
Per Cent, 


0.1718 OS47 
0.1406 
0.14839 5, 
0, 15082 8105 


In order to avoid this correction for condensation due to radia- 


tion, Mr. Daniel Royse suggests the use of two separating calor- 


imeters of the form shown in Fig. 252, arranged so that the exhaust 
from the first calorimeter shall pass directly into the second. 
The orifice between the two calorimeters should be fully one- 
eighth inch, that from the second to be less than one-sixteenth 
inch in diameter. The first will discharge dry steam into the 
second, which will deposit moisture due to condensation only; if 
the two calorimeters are exactly alike this amount will be the 
radiation loss of the first instrument. 

Then let W equal the entrained water obtained from the first 
instrument, let 7 equal the entrained water obtained from the 
second instrument, let w equal the weight of dry st2am discharged 
from the second instrument. ——— 

We should have 


@ 
858 
76 4.775 | 047 | 4.2 | 2.8 
S15 4.85 | 1.9 
8.0 | 4.70 246.0 2.10 
Wile 


DISCUSSION. 

Prof. R. H. Thurston.—Since the time of Hirn, who first showed 
and practically proved by actual use the necessity and value oi 
the calorimeter in determining the quality of steam in all engine 
and boiler trials, the subject has attracted much attention from 
engineers dealing with the steam-engine, and many questions 
have been raised, and some have been settled, since his time. I 
do not know to what extent the lead of Hirn was followed in 
earlier years in Europe. In this country, so far as I know, but 
little had been done in this direction until Mr. Emery applied 
the instrument in his extensive work at the Centennial Exhibi- 
tion of 1876. Mr. John D. Van Buren and I, when on duty at 
the Naval Academy in our later navy days, about 1865-70, 
became interested in the matter, and he then devised a form of 
continuous calorimeter which we used later in boiler trials, and 
especially in those of the Howard and other boilers at the Amer- 
ican Institute Fair, the late Theron Skeel handling the instru- 
ment very successfully. 

It was in 1871, I think, that, the question arising whether the 
sampling of the steam could be depended upon, I was authorized 
by a committee, of which I happened to be chairman, to take 
advantage of the liberality of the late Mr. John B. Root, one of the 
competitors at the exhibition of that year, to make use of a Root 
boiler as a condenser, and thus to condense all the steam made 


by the competing boilers—our mammoth calorimeter serving 
both to give us absolute measures of the quality of the steam 
by gauging it all, and to show the probable accuracy of the 


calorimetric measures by sample, previously and since necessa- 
rily relied upon. We hi ad a singular variety of size and type of 
boiler, and the result was taken as satisfactorily proving that 
the ordinary calorimeter could be made to give useful informa- 
tion, and could be adopted as both useful and essential in the 
_ determination of the real efficiency of the boiler and the quality 
of the steam entering the steam-engine, the efficiency of which is 
largely dependent upon the dryness of the steam supplied. 

The ingenuity and skill of later engineers and inventors, 
especially of Prof. Peabody and of Mr. Barrus, have given us 
hew varieties of this instrument, and we are now able to say 
that this essential of the accurate work of the engineer in this 
direction may be depended upon to give us the needed facts with 
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all required accuracy. Something has remained to be done, 
however, in the determination of the conditions favoring accu- 
racy, or the reverse, both in the sampling of the steam and in 
the use of the instrument; and this paper of Prof. Carpen 
ter, detailing some of our attempts to throw light upon the 
matter in the course of regular work in our steam-laboratory, 


seems to me to supply some of the information most desired in 
practical operation in boiler and engine trials. His discussion 
of errors is, so far as I now eall to mind, the most satisfactory 


that I have met with, and gives a good idea of the conditions to 
be sought, and the nicety of work in handling the apparatus 
demanded to insure accurate results. Mr. Kent has taken a 
still simpler way of illustrating these points. 

It is easily seen how it may occur that the Hirn instrument, 
the simplest of all forms, may give widely inaccurate single 
measures, and how averaging, and the disearding of such obvi- 
ous errors, may still enable the observer to obtain with it the 
knowledge that he seeks. 

The form of calorimeter which Prof. Carpenter has himself 
devised as a “separator calorimeter” is the simplest of that 
class yet produced, and, I am inclined to think, represents the 
instrument reduced to most perfect simplicity. Our work with 
it also indicates that it may—in all ordinary cases at least—be 
relied upon to do its work thoroughly. Where it fails, should 
it fail at all, it will be certain to be in cases in which the quality 
of the steam is so low that it would be condemned in any event, 
and slight error in measures of very wet steam would be of no 
consequence. The invention strikes me as a very interesting 
and admirable one. 

With classes of seniors and graduates aggregating seventy-five 
or a hundred men, mainly bright, interested, and well-trained 
by an earlier systematic course of practice, we are able to get a 
very large amount of work done in defined directions, and, we 
hope, may find ways of investigating a still greater variety of 
forms of the instrument, and understill more varied conditions of 
operation. Inthe course of this work the expedients necessarily 
resorted to to secure efficient instruction of such large numbers 
have led us to many such products of the ingenuity of the instrue- 
tors as are illustrated by some here described. Among these per- 
haps the most novel is Prof. Carpenter’s application of the calo- 
rimeter to the measurement of the quality of steam in the engine 


“he 
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eylinder at any and every point in the stroke, or of the cycle, 
taking a sample at every revolution and from any desired part 
of the diagram or revolution, including the compression period, 
even. While [think it is still uncertain to what extent accuracy 
of measurement has yet been carried, [ am inclined to think that 
it is fairly accurate at least, and it seems to me likely that it 
may prove a very valuable method of studying the engine cycle 
thermally, and of supplementing Hirn’s and Donkin’s inethods. 

Prof. C. H. Peabody.—This paper shows that by the aid of the 
throttling calorimeter and the separator calorimeter the quality of 
steam may always be determined with ease. It also shows that 
the two types should never be combined, for if steam is so moist 
that the throttling calorimeter cannot be used directly, then the 
determination of the quality by the separator calorimeter can 
be made with an error of not more than half of one per cent., 
which is sufficient for all engineering work. When much moist- 
ure is present an error of 2¢ may be of small moment, in which 
case the flow of steam may be gauged by allowing it to flow 
through an orifice. I must express my satisfaction that Prof. 
Carpenter has not used that method of determining the dis- 
charge of steam from his separator calorimeter in his tests. 

Attention should be called to the fact that the determinations 
of the total heat of steam by Regnault are affected by an error 
of one in one thousand, or, perhaps, of one in five hundred. It 
therefore appears to be unnecessary to carry calculations of the 
quality of steam further than tenths of a per cent. I suppose 
that the next figure given by Prof. Carpenter may be considered 
to guard the tenths. 

I am most interested in the methods employed for loading 
steam with water, having made some rather unsuccessful attempts 
in that line during the past year. In our work we forced water 
through a sprayer in a vertical 5inch pipe and supplied steam 
at the same time through a 2-inch pipe. At the top of the 
d-inch pipe there was an elbow and then 40 feet of horizontal 2- 
inch pipe. As the work was not considered satisfactory, it will 
suflice to say that a throttling calorimeter at the end of the hori- 
zontal pipe showed the steam to be nearly dry, while a surface 
condenser used as a calorimeter showed several times as much 
water as steam. 

I have long been aware that a claim of a patent on calorimeters 
could be made to cover all throttling calorimeters, or, perhaps it 
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may be more proper to say would do so were it not a fact that 
a printed description of such calorimeters preceded the patent. 

The form of throttling calorimeters proposed by Mr. Heisler is 
very neat and compact, and deserving of commendation. We have 
tried our ingenuity-in our laboratory to improve on the firs: 
rough type of the throttling calorimeter only to find that the old 
type appears the most satisfactory. We make them of 4-inch pipe 
10 inches long, with a thermometer cup long enough to include 
the stem of the thermometer nearly to the end of the mercury 
thread. We open the supply valve till the thermometer ceases 
to rise, and then know that the error from radiation has disap 
peared ; then we throttle the exhaust till the pressure is 10 or 
15 pounds above the atmosphere in the calorimeter, because the 
temperature of saturated steam then varies less with a small 
change of pressure. Our only trouble is that the students always 
get their work right even when they are a little careless. 

In the description of the “injector” calorimeter Prof. Car- 
penter says that the tank delivering water to the injector should 
be set so as to give little or no head. Now, it is of no con- 
sequence whether there is a head or not, but it may not be in- 
proper to note that the flow of water to an injector is caused by 
the difference between the pressure of the air and the pressure 
in the injector, plus the head ; of which the former is the greater 
in most cases, for even a non-lifting injector will show a pretty 
good vacuum in the combining chamber. 

Finally, there is one thing that I wish to criticise, and that 
is the use of the expression “ per cent. of superheating.” Of 
course we all know what is meant, but such expressions are 
liable to lead to confusion in a subject in which all is clear and 
easy if one always thinks and says what he means, but in which 
much confusion of thought exists at the present time among 
half-‘nformed men. If any calorimeter appears to show .’, the 
quality, greater than unity, then of course the steam is shown to 
be superheated and it is easy to calculate the temperature of 
the steam supplied. Thus for the throttling calorimeter, using 
Prof. Carpenter’s notation, 


k(it,-t) + D+g=H+k(T—- 0, 


in which I have taken ¢, to be the temperature of saturated 
‘steam at the pressure in the supply pipe, and ¢, to be the tem- 
perature of superheated steam in that pipe. 


| 


— 
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Mr. Geo. IT. Barrus.—I dislike to criticise adversely a paper 
which was, no doubt, intended to be a valuable contribution to 
the literature regarding steam calorimeters; but there are so 
many points in this paper which are misleading, not to say erro 
neous, that they should not pass unnoticed. 


THERMOMETER CUPS. 


Prof. Carpenter refers to the form of thermometer cups 
which are in use in the laboratory of Sibley College, and he 
makes a statement which throws doubt upon the usefulness of 
eylinder oil for filling the cup. He says that cylinder oil is 
peculiarly sensitive to moisture, and that if moisture is left in 
the cup it will be a long time before the thermometer assumes 
the temperature of the surrounding fluid. Ido not know what 
ground he has for making this statement. I have used ther- 
mometer cups of a form similar to the one he describes for a 
period extending over some fifteen years, and the number of 
times which I have employed them amounts to several hundred. 
[ have never had any difficulty with cylinder oil, which it is my 
practice to use, and the statement which he makes does not 
accord with my experience. I would say, however, that when a 
thermometer cup leaks at the bottom through defective con- 
struction there is difficulty in getting satisfactory indications, 
and I suspect that the trouble about which the author com- 
plains may have arisen from some disorder of this kind. 


METHODS OF OBTAINING A FAIR SAMPLE OF STEAM, 


The practice of the author’s laboratory, he says, is to use a 
j-inch pipe, perforated with |-inch holes, ete. In the aecom- 
panying sketch, Fig. 31°, I have represented such a pipe on an 
enlarged scale, corresponding as near as possible to the dimen- 
sions given in Fig. 240 of the paper. 

I see no object in making these holes so large. It will require 
only four }-inch holes, such as he emplovs, to carry all the steam 
which is used by the }-inch pipe, and, considering that the 
calorimeter is drawing much less than the capacity of the pipe, 
it would be an easy matter for the steam to be drawn from a 
single one of these holes rather than a little from each. This 
practice would vitiate the only object of extending the pipe into 
the interior and perforating it, which is to obtain a sample of 
the steam carried through it. 


4 


Fig. 313. 


_ My practice is to use j-inch holes, and this practice is indi- 
cated i in the accompanying Fig. 314, which is drawn to the same 
scale as the preceding one. 


Fie. 314. 


I think no one will question that the use of the small holes is 


much to be preferred. 


_ PROF. CARPENTER’S TESTS OF VARIOUS MODES OF ATTACHMENT. 


d I have taken pains to examine quite carefully the results of 
the five trials which are given, showing the effect of various 
methods of attaching the supply pipe. The results of these 
trials are summarized in the following table. In order that they 
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may be thoroughly understood at a glance, small sketches are 
given in column No. 4, Fig. 315, opposite the various tests, to 
show the arrangement of the supply pipe at the point w here it 
enters the main. 


Average per : ag e Percentage of moist Sketch showing form 
| ure shown by the calorim. ure shown by calo- i f ad 

No. of trial, as desig-) on each side of the one with | pin” with adjust- and pes tion 0 A RY 
iin the paper. | adjustable connection. | justable connection 

nated in pal N 4 No. 4 able connection, of calorim. No. 3 

| average Of No. 3 and No. * i.e., calorim, No. 3. 
ete 


1,71 1.56 


5 2 
Differe nee of .25 


Ve 
i 


ee 


2.57 


| 


It can hardly be imagined that these experiments are trust- 
worthy. It will appear by examining the table, especially the 
trials numbered 2 and 4, that the steam was wetter in Trial No. 
4, with the connecting pipe pointing away from the current, than 
it was in Trial No. 2, where the connecting pipe was pointed 
toward the current. In the former case the particles of moist- 
ure in the steam would certainly be carried by their momentum 
beyond the opening and away from the pipe, while in the latter 
case they would be caught by the open mouth and conducted 
into the pipe. The indication of the calorimeter when the sup 
ply pipe was turned toward the current ought, therefore, to show 
a larger amount of moisture than that shown when the pipe was 


it 
1,58 
| 
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turned away from the current, and I can imagine no reason why 
this showing should not have been made if the tests were cor- 
rect. A further indication of the untrustworthiness of the ex. 
periments is shown by the two trials which are designated No, 
¥, made under the same conditions, one of which shows a differ- 
ence between columns 2 and 3 of .73, while the other shows a 
difference of .25. 

Again, it can hardly be imagined that the experiments are 
reliable when they show that the further the calorimeter is 
applied from the point of supply of the steam in the pipe the 
dryer the steam appears. It is commonly accepted that the 
effect of radiation from a pipe is such that the further steam 
travels away from the point of supply the wetter it becomes, 
owing to condensation from this loss. In every case of Prof. 
Carpenter’s experiments the No. 4 calorimeter shows a larger 
amount of moisture than the No. 2 instrument, No. 4 being ap- 
plied at the point nearest to the incoming steam. Tig. 316, 
which is appended, shows graphically these results. The paper 
does not state it, but it may be presumed that the various trials 
were all made in one day, considering that the first trial lasts 
from 3 o'clock until 3:10, the second trial from 3:28 to 53:37, 
the third from 3:44 to 3:53, the fourth from 4:52 to 5:01, and 
the fifth trial from 5:29 to 5:38 o’clock. The indications of 
calorimeters No. 2 and No. 4, which were in constant use 
unmolested, may therefore be taken to indicate the quality 
of the steam passing through the main supply pipe at the 
different hours named. Referring to the sketch No. °, it 
will be seen that with No. 4 calorimeter the moisture bevins 
at 1.77%, increases to 1.857, and then gradually falls to 1.6.. 
No. 2 calorimeter begins at 1.667, drops to 1.2%, then rises 
to 1.57, and finally falls gradually to 1.35%. If, now, the ex- 
periments had been trustworthy, the two lines representing 
the performance of the two calorimeters would have run ina 
parallel direction. In point of fact they are anything but paral- 
lel, although during the periods from 4 to 5:30 p. M. there is some 
approach to parallelism. 

It would be interesting to know exactly what effect the vari 
ous systems of sampling steam for calorimeter work produce so 
as to be able to employ the right method. There is no doubt 
that the difference between the different methods is smal! at 
best, and experiments which are intended to show these difler- 
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ences should be conducted with extreme care, and so planned 
as to avoid all sources of error. The experiments of Prof. 
Carpenter are not only inconsistent in their results, but they 
were not planned in a way to determine nice questions, however 
well they might have been conducted. The defects in the plan 
on which they are made are as follows: 

First.—The comparison was made between three instruments 
applied continuously at three different points, and no correction 
in the readings of the various instruments was made for their 
individual errors. Without such corrections the results are 
worthless. It would have been better to avoid making correc- 


4.00 
Fia. 316. 


Experiments with No, 2 and No. 4 Calorimeters. Ordinates represent percent- 
ages of mojsiure, Abscissal represent times. 


tions by using the same instrument at each point of observation 
where the «juality of the steam was tested. 

Second.—The errors of the individual instruments are those 
due to loss of heat by radiation, and it will be seen that this 
loss varied with the different instruments, on account of the 
varying temperature of the outflowing steam. 

In trial No, 2, for example, the outgoing temperature varied 
from 250° to 227°; in trial No. 3 it varied from 251° to 231°; in 
trial No. 4 from 247}° to 223°; and in trial No. 5 from 242° to 
227°. 

Third.—The effect of radiation from the instruments is not 
constant for the three instruments, for the reason that the vari- 
ous calorimeters discharge widely different quantities of steam. 
Assuming that the size of the orifice was the same in each, the 
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difference in the discharge is seen in the reading of the manom. 
eter, which in trial No. 1 is .4 inch for one instrument, .8 inch 
for another, and .5 inch for the third. A similar difference exists 
in all the other trials. 

Fourth—Looking at the series of tests as a whole, it will be 
noticed that the pressure in the supply pipe varied from 62 Ibs. 
at 3 o'clock to 48 Ibs. at 5:29 o’clock. To make experiments 
reliable the pressure of the steam should have been coustant 
throughout the whole series. 

F/th— Examining each trial by itself, it is seen that from one 
end of the trial to the other there is a wide variation in the 
steam pressure. In the case of trial No. 3 the steam pressure 
varies from 55 lbs. to 60.5 lbs., and this occurs in 7 minutes 
time. In connection with this change of pressure there is a 
similar variation in the temperature shown by the thermometer 
in the calorimeter. In this particular trial with calorimeter No. 
3 the variation is from 231 to 238. There is an absolute need 
of a steady pressure and steady conditions in work of this kind 
to get trustworthy results. I speak from a wide experience on 
this point, and I am sure it will be contirmed by every one who 
has experimented with calorimeters. 

Sixth.—The individual experiments are of too short duration. 
Readings were taken every minute for 10 minutes, and this 
length of time is not sufficient to get the instrument thoroughly 
heated to its normal condition, to say nothing of its being too 
short to obtain proper averages. 

The report of the tests, as given in the paper, is not full 
enough carefully to weigh the results. One thing omitted is 
information regarding the size of the main pipe from which the 
calorimeters were supplied, and the condition of this pipe, 
whether covered or uncovered, and, if covered, what sort of ma- 
terial was used for its protection. Nothing is stated in regard 
to the quantity of steam which was passing through this pipe, 
it being simply mentioned that the “drip valve was kept par- 
tially opened.” The quantity of steam passing through tle 
pipe has an important bearing upon results of such tests. No 
mention is made of the condition of the calorimeters themselves, 
whether they were covered or uncovered. 

On the whole, these experiments seem to be worse than valuc- 
less, for they pretend to give information on matters of calo- 
rimeter work which will be accepted as authoritative by persous 
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who have not the means of analyzing the results, while, in 
reality, they give no trustworthy information whatever. If 
Prof. Carpenter really desires to have tests on this subject 
reported in the 7'ransactions of the Society he should repeat 
the experiments himself by making longer and more careful runs, 
remedying the defects of management which are here referred 
to, and report the work in such shape that all the points can be 
understood. 


_ I might go on and criticise further the later portions of this’ 


Fic. 317.* 


paper, but with so much in the first part which is objectionable 
it seems hardly worth while to discuss the remaining portions. 
I cannot, however, refrain from calling attention to the close 
resemblance between the instrument which Prof. Carpenter 
devised, a cut of which is given in Fig. 249, as also the separat- 
ing device, which is given in Fig. 252, to parts of the “ Universal 
Calorimeter,” which I devised in September, 1888, and which 
was fully described in the T'ransactions of the Society, pages 
205, 206, Vol. XL, 1890, and pages 790-827 of the same volume. 
The resemblance is partly in the form of the instrument and 
partly in the ideas involved. A cut of this instrument is repro- 


: *Cut taken from page 206, Vol. XI., Trans. A. 8. M. E. 


D 


NOTES REGARDING CALORIMETERS. 


duced from the paper referred to and given below for convenience 
of reference. 

I would criticise Prof. Carpenter’s throttling instrument 
in providing no means for preventing the conduction of heat 
from the metal surrounding the high-pressure steam and that— 
surrounding the low-pressure steam. This is an important. 
point, and it tends to make the indication of the thermometer 
higher than it ought to be, and, consequently, the percentage of | 
moisture lower than the actual. The orifice in the instrument 
is placed in a vertical plate, and there is opportunity for water 
to collect in the pocket which forms below, and, at times, vitiate 
the results. 


I must also criticise the statement that the error caused by _ 
radiation is very difficult to estimate. For practical work this 
is not true. In my own tests, which are deseribed in the paper 


referred to, a method is practised which entirely overcomes the 
effect of radiation, whatever this amounts to, and makes the 
reading of the instrument for moisture absolutely correct. 

Prof. Carpenter.*—In reply to the inquiry from Prof. 
Peabody, I would say that, as the paper was about to go to press, 
a formal demand for indemnity was made by the patentee for 
infringement of his patent No. 401,111, by the use of the throt- 
tling calorimeter of Heisler’s design, and on various other forms 
used by the Sibley College laboratory. An examination of the 
patent claim elicited the facts as stated on page 832, and, as the 
amount demanded was small, it was paid, after considerable 
delay and discussion, and such right as the patentee may have 
rightly owned to use of the patent was obtained. It seemed to 
the author that this patent claim was a matter of vital import- 
ance in relation to the early invention of the throttling calorim- 
eter, and, besides, it seems but justice that the public should 
know of the nature of the lien existing on the use of this simple 
instrument. 


In regard to the discussion by Mr. Barrus, he has taken 
considerable space to throw doubt on a series of observations, 
and he makes them appear doubtful by assuming some cireum- 
stances which did not exist, and which had nothing to do with 
the experiment in question. The simple facts are that the 
nearest calorimeter to the boiler was more than 200 feet away, 
that the farthest one was nearest a drip, which acted in a 


* Author’s Closure 
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measure as a steam separator. Taking these circumstances 
into account, the graphical chart which has been carefully made 
shows every observation, with one exception, as accordant and 
re asonable. 
The single non-accordant observation would have been omitted 
by many observers, but was published, as all non-accordant 
observations should be, to allow individual readers to form their 
The reason the method used by Mr. Barrus 


because, in my opinion, his method is erroneous, as it involves 
the assumption that steam in a long pipe not in motion is per- 
fectly dry and not affected by condensation, and, second, that 
the radiation correction for the instrument is the same during 
the whole test. I fail to see any method at all in such a pro- 
ceeding, and it strikes me that it is little better than a guess. 
I do, however, believe that the method proposed by Prof. 

Peabody will give accurate results. 

IT am somewhat surprised at the statement regarding the use 

_of eylinder oil in thermometer cups, and can only say that if he 
will put some water in a thermometer cup, under such condi- 
tions, and insert it in high-pressure steam, he will obtain some 
experience that will be valuable even to an expert; it will not 
be necessary to use a leaky cup either. 

In regard to the resemblance of the calorimeter shown in Fig 
949 to the patented one shown in Fig. 317, I have reproduced 
here the drawing of the original Peabody calorimeters, as given 
in the Journal of the Franklin Institrte for August, 1888. See 
Fig. 333. The resemblance between the instrument shown in 
Fig. 249 and the original shown in Fig. 333 is striking, the 

principal change being as regards the size of the chamber 4, in 
the use of a mercury manometer instead of a steam-gauge, and 
in the use of a standard orifice, by means of which the throt 
tling is done. 

The most striking resemblance in form is, however, shown 
between Mr. Barrus’ calorimeter, as shown in Fig. 317, and the 

original calorimeter, Fig. 333. 

It is seen that the original calorimeter was provided with a 
drip, which we know now would have the same effect in remov- 
ing the moisture as the especial drip box of Mr. Barris’ calo- 
rimeter. 

The instrument lacks only one important accessory—a gauge 
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glass; and there is strong evidence that the drip pipe C was 
used as a separator to remove some of the water from the steam 
before the patent had been granted to Mr. Barrus. It is much 
more accurate than the calorimeter of Mr. Barrus, as it is pro- 
vided with an exhaust pressure gauge. 

The form Fig. 249 is criticised because of the absence of a_ 
heat-insulating device. This change is, in my opirion, a very 
decided improvement, and was omitted after a series of trials 
with the Heisler instrument. That there is a flow of heat along 

ear 
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Peabody Throttling Calorimeter. Cut from Journal of Franklin Institute, 
August, 1888. 


the walls sufficient to affect a thermometer immersed in steam 
in the interior does not appear in any experiments we could 
make, nor is it « reasonable thing to suppose. 


The cuts of the nipples used to receive the steam, as given by 
Mr. Barrus, Fig. 313 and Fig. 314, show very clearly the supe- 
riority of the nipple with a few large holes, but Mr. Barrus fails 
to state that the reason for this fact is that the nipple with 
small holes has an action analogous to that of the steam sepa- 
rator, and, consequently, will not deliver a fair sample of steam. 


\ 
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CCCCLIII,* 


THE EFFECT OF THE STEAM-JACKET ON CYLINDER 


CONDENSATION, 


(Junior Member of the Society.) 


Tue object of this paper is to show something of what is being 
done at the Mechanical Laboratory of the Worcester Polytechnic 
Institute, in regard to the effect of the steam-jacket on cylinder 
condensation and engine economy, and to add, if possible, some- 
thing to the general information on these subjects. 

The work here presented was done to a great extent by 
Mr. F. A. Gardner, of the class of 1890, and presented by him as 
his graduating thesis. The experiments were made on the upright 
compound engine at the Institute, a further description of which 
is given at the end of this paper, and the results and conclusions 
of these experiments are for this engine only. 

It is a generally accepted fact that, aside from radiation, all the 
heat lost in a steam-engine is what goes out at exhaust, and, as a 
certain amount must go out, the real loss is the difference between 
what does and what should go out. Cylinder condensation is the 
great cause of this loss, as heat is taken up at a high temperature 
and given back at a lower, when the opportunity for useful work 
has nearly if not altogether passed. As all the heat taken up in 
the cylinder from the entering steam must be returned during the 
cycle, excepting what is lost by radiation, it is not the loss of heat 
as heat, but the loss of the opportunity of converting heat into 
work which affects so seriously the efficiency of the engine. 

With these facts in mind it was proposed to investigate the 
action of the steam in the cylinder in regard to the exchanges of 
heat: the effect ot the steam-jacket, and to see if it was a benefit, 
and if so, why. 

Judging from the work done thus far, we conclude that for this 
engine the steam-jacket is a benefit, the steam saved more than 


* Presented at the Providence meeting (1891) of the American Society of 
. Mechanical Engineers, and forming part of Volume XII. of the 7ransactions, 
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making up for that used in the jacket directly. The surfaces of 
the cylinder are warmer when the jacket is used, thus decreasing 
condensation to begin with; the steam is dryer at the beginning 
of exhaust, so that less heat is given up during that period. The 
steam is probably not homogeneous in the cylinder ; the condensa- 
tion takes place where it is in contact with the surfaces, forming 
a film of moist steam, which takes up the heat returned after 
reévaporation begins, and the more moisture in the steam the 
more heat there is taken from the surfaces. And since most 
of the heat is returned during exhaust, the condition of the steam 
at the beginniug of that period is of great importance in deter- 
mining the amount of heat to go ont and the efficiency of the 
engine. 


= accompanying diagram (Fig. 257) is presented to show 


WITH JACKET 
WITHOUT JACKET 


HEAT UNITS 


graphically the exchanges of heat between cut-off and exhaust, or 
during the expansion in the high-pressure cylinder. The areas 
below the base line show heat taken up after cut-off and before 
reévaporation begins; the areas above, the heat given back. 
Horizontal distances represent temperatures, and vertical dis- 
tances entropy. Thus, if there were no exchange of heat, the 
curve would coincide with the base line, and the entropy would 
be constant as it should be with adiabatic expansion. 

The method of constructing the diagram is as follows: The 
range of temperature between cut-off and exhaust determines tlie 
length of base line, which is divided into several parts, and cor- 
responding divisions made on the indicator card by taking the 
different pressures corresponding to the several temperatures. 
The heat accounted for at each of these temperatures, together 
with the heat equivalent of the external work of each division, 
gives the required data for finding the exchange of heat during 
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each period, which is shown by the rectangles, the curve being 
sketched in afterward to enclose equal areas. 

It will be seen by this and Table III. that the work is the same 
as in Hirn’s analysis, only applied at more points in the cycle. 
To obtain the weight of steam and water in the cylinder during 
expansion the steam was taken as dry in each case at the end of 


Without Jacket. 


With Jacket. 
80 Pound Spring 
Clearance 38, 31, cu. in 


Fig. 2358. 


compression, and, as a separator was used, the steam supplied 
was also taken as dry. These assumptions do not affect the 
curves relatively to any amount. 

The diagram in this case shows that the curve with the jacket 
is nearer to a straight line than when unjacketed, therefore nearer 
to true adiabatic expansion, although heat is being received all 
the time from the steam in the jacket. It also shows that there 
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is less condensation after cut-off when the jacket is used ; that re- 
evaporation begins earlier, after which heat is rapidly returned, 
thus giving it more chance for useful work; that the amount 
returned decreases as the steam becomes dryer, so that less goes 
out during exhaust. 

Without the jacket, after reévaporation begins, the heat is given 
back apparently quite slowly; this is probably due to the steam 
coming in contact with new surfaces, as the piston advances, 
which are cooler ; however, the rate increases and is greatest at 
the beginning of exhaust, and the steam is still moist enough to 
continue to take heat rapidly during this period. thus cooling the 
surfaces much more than in the other case. 

These curves might be continued so as to show the action during 
the time the two cylinders are in communication or when the 
high-pressure is exhausting, and then during compression. 
Sufficient has been given to show the method. At some other 
time, it is hoped to present diagrams showing the effect of time 
on cylinder condensation and also the effect of superheated steam. 
Different combinations of these with and without the steam-jacket 
will give variety of work and doubtless lead to some valuable 
information. Fig. 258 shows reproductions of the cards taken with 
and without the jacket. 


TABLE I. 


on, | | Bs 
| 25 | a tess 
| 2O | | San | & | ome 

4 = Sana 

fa] & | = a= 


With Jacket... | 120 28 | .262 | 10.57 180 12 192 18.16 
Without Jacket... 120 .339 | 224 21.27 


10.53 | 224 


‘ 


Gain by jacketing, 14.6%. 


TABLE II. 


| | S2 | | | 

=£2 | 35 | S38 | £86 | 

With Jacket..... .104 .0140 | 87.59 3.9666 12.3577 
Without Jacket...) .0129 .0039 | 84.60 4.2911 15,3280 | 
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Ba iw a) au | 
~ sy am. ~ Pre 
With Jacket, 15.7108 | 14.1120 | 1.5983 | 89.97 14.1201) 7791 | 13,3329 | .7961 
Without Jacket../ 18.8184 | 16.5223 | 2.2961 | 60.00 | 15.5784 | .6810 15.8413 | —.2628 


| 


TABLE IIL. 


os es | | 232 

a5 | wg | BES | | 

With Jacket.....) 344.334) 14.1120 | 85.93 13, 8785 | 1192 13.9928 1143 
= 334.324 13.8785 | 84.85 3.7083 1173 13 7612 0529 
324.314 13.7083 | 86.54 13,8502 | 1470 13.5613 + 
314.304 13.8502 RS 14.0334 1576 13.6925 + 3408 
.| 804.204 14.0354 14.1038 | 1498 13.8837 + 
204.288 | 14.1088 | 89.97 | 14,1291 14,0157 +.1134, 

Without Jacket../ 343.333 | 16.5223] 80.54 | 15.9176 1020 16.4208 | —.5027 

883.323 | 15.9176 78.27 15.5429 | 1099 15.8007 — 
$98.313 | 15.5420 | 78.17 15.4595 | 1409 15.4020 | + 0576 
318.908 | 15.4595 78.41 15.4264 | 1605 15.2091 +.1273 
308.293 | 15.4264 80.00 15.5734 | 1679 15.2586 + 


The engine is an upright single-acting compound, 5} inch and 
9 inch cylinders, 8 inch stroke, and about 10 I. H. P. It was 
built for the Mechanical Engineering Department of the Worces- 
ter Polytechnic Institute, and was installed in the Salisbury 
Laboratories in April, 1839. The engine is shown in vertical sec- 
tion by Fig. 259, and has the following peculiar features: 

I. The cylinders are side by side, but the high-pressure cylinder 
has its lower end just below the upper end of the low-pressure 
cylinder, so as to give a direct passage across from one cylinder 
to the other. 

II. The cranks are set 120° apart, the low-pressure crank being 
120 behind the other. By this arrangement the high-pressure 
piston acts a3 a valve between the two cylinders, and is the only 
valve required between them. 

III. The exhaust port is at the lower end of the L. P. cylinder, 
and the L. P. piston takes the place of an exhaust valve. By this 
arrangement the exhaust is performed, not in the usual way, by 
forcing the steam out during the larger part of the stroke, but by 
allowing the pressure in the cylinder to drop to that in the con- 
denser. Early on the return stroke the exhaust closes, and the 


q 


Fig. 259. 


steam remaining in the cylinder is compressed. By this means 
the work, otherwise done upon the fluid in the condenser during 
exhaust, is retained in the engine as heat or as potential energy 
of the compressed steam. 

IV. If the compression in the high-pressure cylinder were cat- 
ried to initial pressure, there would be no loss in that cylinder from 


al 


878 EFFECT OF THE STEAM-JACKET ON CYLINDER CONDENSATION, 
| 
| | | 
| | | 
J 
|; 


EFFECT OF THE 


-STEAM-JACKEL ON CYLINDER CONDENSATION. 879 


clearance on account of unused compressions, as the compressed 
steam would expand back to the same pressure from which com- 
pression begins. The cut referred to does not show the governor, 
which is an ordinary shaft governor, controlling the eccentric 


which operates the cut-off valve. The speed at which the engine 
has been driven thus far is about 290 revolutions per minute. The 
high-pressure cylinder is provided with a steam-jacket. It is clear 
that the engine is arranged for a high degree of compression in 
both cylinders. 


DISCUSSION, 


vof. R. H. Thurston.—This paper contains two or three 
especially interesting points. It illustrates the fact that the 
sometimes disparaged analysis of Hirn and of Dwelshauvers- 
Dery is actually coming into general use in this country—for 
the papers of Professors Carpenter and Peabody also illustrate 
its application—and shows how well even the incomplete analy- 
sis as yet found practicable may be made to throw light on the 
workings of the steam engine. I note that the steam is asswmed 
to be dry at compression. This corresponds with Hirn’s de- 
duction, and is confirmed by the direct experiments now fre- 
quently made in the laboratories of Sibley College on a small 
engine, showing by calorimetric test that this is true. If true 
on so small an engine—5 H. P. maximum— it may be taken as 
true for all ordinary practice. Prof. Carpenter explains this 
fully in his paper on Hirn’s analysis, now before the society. 
Mr. Bird’s assumption may thus, I think, be accepted as correct. 
His assumption of dryness at the commencement may be less 
valid; but if the sepayator was of good form and fairly large, it 
would be right. We find, in our experiments especially directed 
to this point, that, with ample capacity, we can insure sensibly 
“(dry and saturated ” steam, especially if a good trap or steam- 
loop gives insurance against intermittent priming. The facts 
here shown are already familiar in a general way; but it is 
interesting to see how well the entrophy-temperature diagram 
exhibits the method of action of the cylinder walls, with and 
without a jacket. It is easy to see why it is that we invariably 
find that a well-made jacket, under favorable conditions of 
action of engine, as to dryness of steam especially, saves more 
hoat than it wastes, and how superheating a few degrees may 
seve much more than the quantity of heat thus expended, and 
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that the quantity lost by initial condensation may be reduced 
by a fraction of the same amount of heat expended in super- 
heating. The promised work of Mr. Bird will be still more 
interesting, and I have no doubt even more instructive than 
this. 

One fact of prime importance and interest in this case, as it 
seems to me, is the saving by jacketing on an engine making 
290 revolutions per minute. It has been the general impres- 
sion among engineers—an impression which I myself shared 
that the high-speed engine, or any engine at moderately high 
speed of revolution, could not be expected to exhibit much gain 
by jacketing ; though it is, I presume, a well-understood fact, 
that the jacket should, if equally well designed and operated, be 
more effective as the size of engine decreases, and, if its action 
is proportional to area covered and inversely as volume of steam 
acted on, in the inverse proportion of diameter of cylinder for 
similar forms of engine. 

Taking the wastes of jacketed engines as varying inversely as 
the square root of speed of revolution, inversely as content of 
cylinder, and directly as area of internal surfaces and the action 
of the jacket as governed by similar laws, we should have in 
this engine the computed quantity very nearly that here given 
by test. The jacket saves the excess of wastes due to reduced 
size of engine, and it thus evidently tends to bring all sizes and 
speeds of engine to a common and high efficiency. This engine 
is itself a remarkably fine piece of designing, and its perform- 
ance is most extraordinarily high for so small a machine. All 
things considered, it is, I am inclined to think, the best as 
yet recorded. I suspect that the seorets of its success are 
its high compression in both cylinders, and the peculiar 
arrangement for the avoidance of heat-transfer between steam 
and metal, for which Prof. Alden may, I think, claim great 
credit. 

It is worthy of notice that here we have a supply of 6% of the 
steam by way of the jacket, giving a saving of 14% or more. 

Prof. James E. Denton. —1 think, with Prof. Thurston, that 
this instance of the action of a jacket is worth noting with care. 
Hearing of this case, I went to Worcester to examine thie 
engine. It is a peculiar engine, in the arrangement of cylinders 
so very closely together, in its excessive cushion, and its se}- 
rate exhaust and inlet parts, and we have yet to find parallel 
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conditions in practice. But before we conclude that there is 
a useful discovery here regarding the value of jacketing, which 
can be used practically with large engines, we shall have to 
explain several discrepancies in the case of other tests where 
there has been no saving, such as are shown to have occurred in 
this case in the high cylinder. The Reynolds tests in England, 
on a triple expansion engine, which excited so much notice about 
three years ago, were made on an engine having small cylinders, 
and the saving due to jacketing was entirely due to the inter- 
mediate and low cylinders. There was a loss due to the jacket 
in the high-pressure cylinder by cylinder condensation; that is, 
there was more cylinder steam entered the high cylinder with 
the jacket than there was without it ; more steam went through 
the engine ; but there was a gain in M. E. P. in the intermediate 
and low cylinders. It is yet to be shown that the same combi- 
nation as described embodied in a larger engine will have the 
same effect. The low-pressure cards should be added to make 
the data complete. 

Prof. Geo. I. Alden.—What I wish to present does not relate 
particularly to the effect of jacketing, although, since more 
tests have been run since Mr. Bird prepared this paper, 
we are now quite sure that the jacket does save heat in this 
particular engine. As Mr. Bird has outlined a method which 
shows graphically for the high-pressure expansion curve the 
effect of the interchange of heat between the cylinder and the 
fluid, I wish to present a graphical method, which, in its study, 
gives an idea of what goes on in the cylinder, and which repre 
sents the interchanges of heat, and also enables one from the 
diagram to ascertain, in so far as the diagram is correct, the 
exact exchange of heat between the surfaces and the fluid for 
any part of the stroke for which the diagram is completed. 

Mr. Bird’s method of tracing the effects of cylinder condensa- 
tion is a very accurate and complete solution of the problem 
undertaken, and, if applied to the complete cycle of the engine, 
would leave nothing to be desired in the way of completeness, 
clearness, and correctness. One great difficulty in applying this 
or any process to the expansion curve of the H.P. cylinder, and 
to the compression curves, is the impossibility of securing with 
absolute certainty the necessary data. 

It is impossible to determine exactly the quality of the steam 
in the clearances of an engine without heat-conducting surfaces, 
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and, therefore, impossible to know exactly the weight of steam 
in the engine at any given piston position. It is quite certain 
that in most engines the auality of the steam in the clearances 
at the end of compression would be different in the actual and 
theoretical engines. 

To carry on any investigation which has for its object to show 
the transference of heat between the cylinder surfaces and the 
working fluid, certain assumptions must be made, and if there 
is any way to check the correctness of these assumptions, such 
checks increase the value of the work. For the engine under 
consideration, the writer has attempted to give a graphical 
solution, which is presented in outline for the purpose of 
suggesting the method. 

The indicator cards were taken during a trial made at the 
Salisbury Laboratories, by Messrs. Somerset and Alley, of the 
senior class at the Worcester Polytechnic Institute, and the 
diagrams in the accompanying plate were made by “Mr. Somer- 
set. They are not given on account of their completeness, but 
only to suggest the’ possible value of the method, which will be 
understood so that it may be applied to other engines, by any 
one familiar with steam tables, from the following outline of its 
application to the engine described by Mr. Bird. 

First. Compute the weight of steam in the high-pressure 
cylinder at cut-off, assuming for this purpose the quality in 
clearance, and, if separator is used, assuming the entering 
steam dry. 

Second. Assume or compute the quality of this steam at cut- 
off, supposing it to be working in an engine with non-conducting 
surfaces. 

Third. Construct adiabatic expansion and compression lines 
for the high-pressure cylinder. 

Fourth. Compute the weight of steam in the low-pressure 
clearance at the beginning of low-pressure compression, esti- 
mating its quality from such considerations and data as thie 
engine and experiment may furnish. 

Fifth. Construct the adiabatic compression line for the low- 
pressure cylinder. 


Sixth. Having now the pressures and qualities of two masses 
of steam about to mix as the high-pressure cylinder opens into 
the low, compute the resulting pressure and quality of the mix- 
ture by the usual formula. 
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Seventh. Construct now the adiabatic expansion line for the 
low-pressure cylinder. 

Lighth, Next search for some check upon the assumptions 
thus far made. 

In the present case, compression in the high-pressure cyl- 
inder begins when the low-pressure piston is at the position 
corresponding to the 120° crank-angle of the low-pressure crank, 
so that the point where the high-pressure compression line -/ K 
(Fig. 315) cuts the line (J should theoretically be at the same 
distance from the zero line of pressures as the point where the 
low-pressure expansion D/’ curve cuts the line /’//, as ordinates 
at these points theoretically represent the pressures in the same 
mass of steam at the same instant. 

If this result is reached by the first trial, the work may be 
regarded as substantially correct. If not, a study of the work 
already done will very likely reveal the point where an errone- 
ous assumption has been made, and, by trials, the work will be 


made to check, as above indicated. When it does the principal 


lines of the theoretical card are drawn. 

Ninth. Plot the real indicator ecards, referred to the same 
absolute pressure and clearance lines and to same scale as the 
theoretical cards have been constructed. 

Tenth, Compute the total heat per pound of the steam in the 
theoretical and in the actual engine at any desired number of 
piston positions, and erect ordinates through these positions, 
upon which lay off distances proportional to the number of 
thermal units thus found. 

Eleventh. Draw lines through the extremities of these ordi- 
nates, which curves may be called heat lines. 

It is obvious that the vertical distance between the heat 
lines for a given expansion of compression curve measures the 
difference in total heat per pound of steam in the theoretical 
and the actual engine, and that the reason for this difference 
must be the effect of the heat-conducting surfaces of the cylinder 
and other parts coming in contact with the steam. To find 
approximately the number of heat units transferred from one 
medium to the other, between any two piston positions, take the 
difference of distances between the heat lines for the given 
piston positions, and multiply this distance by the scale of the 
ordinates and the weight in pounds of the expanding steam. 

If this result is correct by adding the heat equivalent to the 
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difference of work on the adiabatic and on the actual cards, be- 
tween the two piston positions in question, the result will be the 
actual transfer taking place between the surfaces and the steam 
while the piston moves from the first to the second of the posi 
tions assumed. To illustrate the application of this method, the 
diagram is given. 

ABCDEFG HT Kis the theoretical card constructed by 
the method outlined above, all the lines being true adiabatics. 
abedefghik is the indicator card. A, B, is the heat line for 
A B, and a, b, is the heat line fora b. Points on the part «, /, 
of this line cannot be constructed unless the rate of initial con- 
densation is known, so that this part of the line is drawn straight 
in this case. The heat lines for each of the curves forming the 
theoretical and the actual cards are designated by the same 
letters as the lines on the cards, but with subscripts affixed. 

If the steam in the actual engine had done as much work as is 
shown by the theoretical card, it would have had less heat per 
pound. The dotted lines >, ¢, d, e; show the correction to be 
made for difference of work between the theoretical and the 
actual expansion curves. This dotted line, which may be called 
for convenience the corrected heat line, is found by reducing the 
difference of work between the lines of the theoretical and actual 
cards and any two vertical ordinates to its heat equivalent, and 
dividing this heat equivalent by the seale of the ordinates and 
the weight of the expanding steam. For representing graphi- 
rally the general effect of the heat-conducting surfaces the cor- 
rected heat lines need not usually be drawn, or the correction 
above referred to made. No attempt is made in Plate 1 to show 
the heat lines during the time the exhaust is open and fora 
little time just before exhaust opening and closure in the L. P. 
cylinder. 

The steam-jacket on the H. P. cylinder in the engine described 
in Mr. Bird's paper effects a considerable saving of heat, as 
shown by repeated tests made under varying conditions. In 
each comparative test the engine was run under exactly the same 
brake load and at the same boiler pressure, the only elemeut 
changed after a trial without the jacket being the admission of 
steam to the jacket. Comparing the indicator cards with the 
adiabatics for the same weight of dry or nearly dry steam cut off, 
it is found that jacketing considerably diminishes initial con- 
densation. 
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In a series of four tests the average gain in efficiency reckoned 
from steam saved per [. H. P. per hour was 13.54. 

I might add in regard to the conditions under which the tests 
showing effect of jacket were made, that, when running without 
the jacket, the steam was shut off from the jacket and the jacket 
was in communication with the outer air through a small pipe. 
When the steam jacket was used, the steam was turned into the 
jacket direct from the supply pipe to the engine. There was no 
means of giving the steam circulation in the jacket, as there 
doubtless should be to get the best effect of the jacket, particu- 
larly for a long run. 

Mr. John T. Hawkins.—What I have to say on this subject will 
be more in the nature of an inquiry than anything better. The 
prevention of loss of energy through the condensation in the cyl- 
inder seems to be sought in two opposite directions, or rather 
efforts are being made to ameliorate this loss in two directions. 
One is, as we have found in the suggestions of Prof. Thurston, — 
Dr. Emery, and others, to procure in the cylinder non-conducting 
interior surfaces. This appears to be diametrically opposed to 
the other remedy, that of steam jacketing ; the object of the 
latter being to maintain such a high temperature of the interior — 
surfaces as shall prevent interchange of heat between the fluid 
and the eylinder—both of them seeking to minimize this inter-— 
change. Now, I have never heard it suggested in these discus-— 
sions that it would be politic to make the lining or the interior — 
of the cylinder of the best possible conducting material, so that 
the effect of the steam jacketing might be greater. I can readily 
conceive as a mechanic how a cy.inder might be constructed in 
which we may have the expansive stresses received upon the jack- 
eting itself, while having a very thin, highly conducting partition 
between the jacket and the steam by which the heat of the jacket 
might be conveyed to the working fluid very rapidly. It seems 
to me that we could thus best realize Watt's object, which was 
to have the walls of the cylinder kept at a temperature as high as, 
or higher than that of the entering steam, and there may be some- 
thing in this idea as a means of reducing the loss of heat. Of 
course it would be quite antagonistic to attempt to put steam 
jackets on any sort of engine in which we had been contriving : 
non-conducting interior surfaces. There may be some superior 
benefit to come from the introduction of a more highly conducting 
surface in connection with the steam jacket, since we cannot pro- 
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duce absolutely non-conducting surfaces for the interior of the 
cylinder for use without the jacket. It has been shown in late 
experiments of M. Dwelshauvers-Dery that the metal of a cast- 
iron cylinder undergoes fluctuations of temperature greatest at 
the interior and gradually decreasing toward the ji acket to a point 
somewhere in the metal, where the temperature is constant, and 
also constant from that point to the surface adjoining the jacket, 
and that the loss of heat has been least as this neutral point, or 
point of constant temperature, became nearer the interior surface | 
of the cylinder. It was that very statement of M. Dwelshauvers- 
Dery that led to the train of thought that, possibly (ifit had not. 
already been done), it might be worth some engineer’s while to 
try some experiment in this direction and construct a cylinder 
which would offer the best and most rapid means of conduc ting | 
the heat from the jacket to the interior surface. 

It was my intention to prepare something of a more definite 
character in writing, as a discussion of this paper, on the lines T 
have pointed cut ; but, owing to the exceedingly short time to 
be had after receipt of the copies of the papers to be read, I was_ 
unable to do so; but I promise myself to prepare something of 
the kind for a future meeting. 

Mr. H. H. Supplee-—In reply to Mr. Hawkins’ suggestion: I 
recollect reading of a quadruple expansion engine built in Eng- 
land, in which the high-pressure cylinder is constructed with a 
bronze lining, supported at points in the cast-iron cylinder body, 
and the steam ix the jacket is just outside the bronze. The orig- 
inal idea was not so much to make a good conducting cylinder 
as to avoid the action upon the cast iron which the very high- 
pressure steam would be apt to produce. 

Prof. J. B. Webb.—I think it would be appropriate here to 
‘all attention to the difference between a steam turbine and an 
ordinary reciprocating engine in respect to condensation. In 
the latter the parts are exposed alternately to high and low tem- 
peratures, and in the compound engine that difficulty is some- 
what remedied by cutting off the fall of temperature into several 
different falls; but nothing can avoid that fault in a reciprocat- 
ing engine. The same metal is during every revolution exposed 
to that change of temperature. In the turbine it is exactly the 
opposite. The only loss of heat is the conduction made from 
one end of the turbine to the other end, which must occur in 
any metallic engine. So that this is an advantage inherent in 
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the nature of the machine, which places the steam turbine above 
the reciprocating engine in that respect. 

Mr. W. W. Bird.*—The point of which Prof. Thurston speaks 
regarding the assumption of dry steam at the end of compres- 
sion having been confirmed by direct experiments made by Prof. 
Carpenter, suggests the question whether or not the method 
employed gives a correct result. The steam in the cylinder 
is not probably homogeneous, and, consequently, the quality of 
the sample will depend on the point at which it is taken, and 
hence may not show the correct result for the steam as a 
whole. 

In reply to Prof. Denton I would say that in the paper partic- 
ular atiention was called to the fact that the results were for 
this engine only, and nothing is said as to the effect of the 
jacket in other cases. The method of constructing the diagram 
would be the same if the jacket had not been a benefit, and 
would probably show why it was not. Whether or not the 
steam jacket is of value when all things are considered is a fair 
question, as is shown by the various results from engine tests. 
Direct experiment determines the results ; further analysis shows 
the reason for the results. This paper was presented more for 
the purpose of showing the reasons for the results than the 
results themselves. 
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PERFORMANCE OF A STEAM REACTION-WHEEZ. 


BY J. BURKITT WEBB, HOBOKEN, N. J. 


(Member of the Seciety.) 


AT the Erie meeting, a short note, “ Note on the Steam Tur- 
bine,” was presented with the object of calling attention to and 
inviting discussion upon whatever progress is being made in_ 
that direction, and in doing so there were described, with the 
assistance of blackboard sketches, the latest and most successful 
form of a multiple steam turbine, and also a steam reaction-— 
wheel, or Barker’s mill, which did good service many years ago. 
The latter description was supplemented with an off-hand and 
very rough calculation of the performance of the wheel and the 
centrifugal force developed. 


Owing to a delay on my part in returning the proof of the dis- 
cussion and appendix, which I had carefully corrected, the mat- 
ter went to press as it was. The first two paragraphs of the 
* Author's Closure” are all that belong to it, and were, with the 
appendix, written after the meeting. The remaining paragraphs 
belong to the verbal presentation above alluded to, and should — 
precede the discussion. 

The appendix was the result of a request that I would add to 
the paper an outline of the calculation which was put upon the 
blackboard. I did so reluctantly. Such rough caleulations are 
of questionable value in print, and this one the more so from the 
errors remaining in it and the omission of the concluding para- 
graphs, in which the approximate horse-power was arrived at. 
To set the matter straight I promised a paper on the more 
exact calculation of such a wheel, which could not be prepared a 
sooner from lack of time. The paper, with its corrected discus- 
sion and appendix, was also published at the time in Zi: 
Stevens Indicator, Vol. V1., 1889, page 288. 

In the calculation of a steam reaction-wheel there are two 


* To be presented at the Providence meeting (1891) of the American Society 
of Mechanical Engineers, and forming part of Vol. XII. of the 7'ransactions. 
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things which threaten to make the computation of no value 
unless they are taken duly into consideration. These are the 
change in density and wetness of the steam as it escapes through, 
and the increase of pressure from centrifugal force as it ap- 
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proaches, the orifice. If, however, these things are properly 
treated, the remaining calculation is quite simple. We will 
discuss essentially the same problem as before, viz., a 15 H. P. 
reaction-wheel, of one foot diameter, with a speed of 4,000 revolu- 
tions per minute, and a boiler pressure of 70 lbs., 


CENTRIFUGAL FORCE. 


To separate these two things, and thus be able to treat each 


by itself, we will suppose that the pressure of steam is 70 lbs. 
absolute and the steam saturated, just inside the orifice where 
the centrifugal force has produced its whole effect. The boiler 
pressure will then be less than 70 lbs. by the amount due to 
centrifugal force, and this will not be so great as to require more 
than a first, or at the most a second, approximation thereto. 

Evidently the increase of pressure will be no more than the 
centrifugal force of a radial column of steam 6 inches long and 
l inch square, with a density at its outer end corresponding to 
70 Ibs. and at its inner end corresponding to the boiler pressure. 
For a first approximation suppose the steam to weigh | lb. per 
cubic foot, which corresponds to 70 lbs. pressure, then the whole 
column, containing x}, of a cubic foot, will weigh ;.5< lb., which, 
being divided by g= 32.2, gives .000018 of a unit of mass. For 
every 1,000 revolutions per minute that the wheel may make, the 
circumferential velocity will be about 523 feet and the angular 
velocity twice that, or 105, and, as the radius to the centre of 
the column of steam is | foot, the centrifugal force of the column 
of steam is — cent. force = (ang. vel.)’ x radius x mass = 
105? x .25 x .000018 = 5 lb., and this would be somewhat 
greater than the increase of pressure because the density of the 
column of steam is less toward the centre. 

For greater speeds we should have: For 2,000 per minute, ,'; 
=} for 4,000, 3§ or for 16,000, 25°, or say 12 lbs, 
Therefore at 4,000 revolutions the boiler pressure would not be 
a pound less than the nozzle pressure, and no more accurate 
estimate of the centrifugal force is needed, while at 16,000, if tho 
effect of the decreasing density of the column toward the centre 
is to be allowed for, it will reduce the difference of pressure 
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ealeulated above about 5%, leaving a difference of over 11 lbs. 
between the boiler and nozzle pressures. 

We come now to a more important part of the calculation : 


FLOW 


OF STEAM THROUGH A NOZZLE. 


It is not enough to know from a formula how much steam will] 
escape through a nozzle; the way in which it escapes has an 
important influence on the power developed. 

Let Fig. 261 be a nozzle delivering steam of 70 lbs. pressure. 
In speaking of this pressure as existing at the entrance to the 
nozzle, say at the point a, a slight reservation must be made, 
so as to allow for the velocity past that point. This velocity is 
comparatively small; suppose, for 
instance, that the cross-section at 


J 

a is ten square inches, while the 

smallest or “throat” section of 

oa the nozzle is one square inch, then 
Fic. 261. about one pound of steam per sec- 


ond will pass a* and its velocity 
will be only 86 feet per second, to produce which a fall of press- 
ure of two ounces would be enough, or if the section at a was 
only five square inches there would be required a fall of a half 
pound to produce the necessary velocity of 172 feet. The 70 
lbs. then is 70 lbs. for still steam. 

No exact solution of the problem can be made until we know 
the way in which the pressure decreases, as the steam flows 
from a to ec, at which latter point we shall suppose it to have 
reached atmospheric pressure. If we had to do with the flow 
of water, or other non-compressible fluid, the variation of press- 
ure along the route would have no effect upon the result, and 
we would need to know only the mass of the water delivered per 
second, and the section of the stream at its point of exit; from 
these we could at once calculate the momentum per second to 
which the reaction of the jet is equal. The previous rough cal- 
culation was in fact made in this way with an estimated allow- 
ance for the increase in velocity due to the expansion of the 
steam, and as the particular shape of the delivery nozzle was 
not then supposed to be known, it would not have been possible 
to arrive at a result without some such assumption. In fact, 


* For the weight of steam escaping through a one-inch nozzle at the 
pressures, see Rankine’s Steam Engine, pages 


differeut 


— 


PERFORMANCE OF A STEAM REACTION-WHEEL. 


sem 
sues! 
+ +44 


++ 


++ 


+4. 


in 


rR 


the form of the nozzle governs to a considerable extent the 
power of the wheel, as will shortly appear. 

If the steam passing a were to be forced through the throat c 
without any change of density, its velocity at c would be the 
length of a column of steam one inch square and containing six 


cubic feet nearly, or about 864 feet. But the velocity at any 
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point, as }, is to be created by the steam itself, expanding adia- 
batically between « and 6, which expansion necessitates a fall of 
pressure and a decrease of density, accompanied by some con- 
densation of steam, and this decrease of density acts unfavorably 
on the flow, inasmuch as it makes a higher velocity necessary to 
get the same weight of steam past the point. 

The steam, therefore, has a problem to solve ; it must expand 
and get up considerable velocity before it reaches the throat c, 
but there is a limit to the amount of expansion, beyond which 
its volume, and consequently the velocity it must have to pass c, 
increases faster than the work of the expansion could increase its 
velocity. This is evident in a rough way by considering that an 
expansion down to absolute zero of temperature could do but a 
finite amount of work, while the volume of the steam would 
then be infinite, requiring an infinite velocity to pass c, so tiat 
a point must exist between 70 lbs. and 0 pressure, at which the 
most steam will pass through a given section, and this is the 
pressure which the steam will maintain at the throat c. 

Stated mathematically, the pressure at ¢ must be such as to 
make the product of the velocity x weight per cubic feet of the 
wet steam passingc a maximum. This subject was investigated 
mathematically by Rankine, and published in the London Li- 
gineer, in November and December 1869. Among the cases there 
considered are saturated steam flowing through a conducting 
nozzle, and through a non-conducting one, and in the latter case 
the pressure in the throat is found to be .58 of the pressure 
behind the nozzle, so that in the present case the pressure at 
cis about 40 lbs. Atd the pressure will still be considerably 
above atmospheric. An extract or two from that article will be 
pertinent here : 

“Tt is quite true, as Mr. R. D. Napier has pointed out, that 
the ordinary method of using Weisbach’s formula is based on 
the supposition that the pressure at the contracted vein or 
throat of the jet is the same as in the space into which the gas 
is discharged”; also, 

‘“Zeuner, near the end of the paper already referred to, con- 
siders it probable that the effective area of the jet is in general 
greater than the actual transverse area of its throat or narrow- 
est part, in a proportion depending partly on the form of thie 
outlet and partly on the pressure. He makes no attempt to 
determine from theoretical principles what laws that propor- 
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tion may follow, and states that those laws are to be ascertained 
by experiment only.” 

The first extract shows that this is a subject comparatively 
new, quite new, I believe, to most engineers ; the second, while 
showing the same thing, indicates that it is a new field for mathe- 
maticlans. 

I propose to deduce, by a graphical method, the law governing 
the reduction of the pressure in such a jet of steam, arriving 
thereby at the same result, namely: that with 70 lbs. at the 
entrance there will still be 40 lbs. in the throat of the jet; and 
I believe this graphical representation of the facts puts the 
whole matter in the clearest possible shape and must satisfy 
any one as to its correctness, although, at first, it may seem diffi- 
cult to believe that the pressure in the throat and at the end of 
the nozzle can be so much higher than the atmospheric pressure. 

Let ABCD, Fig. 262, be the theoretical indicator card for 
the adiabatic expansion of one pound of saturated steam from 
70 lbs. pressure to atmospheric. AB, the volume of a pound 
at the highest pressure, can be taken directly from a table, 
but the remaining volumes must be calculated by the proper 
formule (see Rankine’s Steam Engine, paragraphs 281 and 282, 
formule for «). 

It will be simpler if we calculate first the amount of steam 
going through an area or opening of unity, ¢. ¢., one square foot, 
and the line 4#/ will then represent the velocity (() feet per sec- 
ond) necessary to make 1 |b. of steam at 70 lbs. pressure, that is, 
to make 6 cubic feet of steam, go through a one-foot-square open- 
ing. In the same way any other line, as /G, represents, not 
only the volume of a pound of mixed water and steam at that 
pressure, but the velocity necessary for it to pass through an 
area of 1 square foot. 

We must now inquire into the production of the necessary 
velocity by the expansion. 

The work done in falling from 70 lbs. to any other pressure, 
as 50 Ibs., is given by the area ABEG ; thus, this area rep- 
resents about 19,872 foot pounds, found by multiplying the fall 
of pressure per square foot by the average volume, or, = 20 x 
144 x 6.9 = 19,872. Multiplying this by 29 and extracting the 
square root (see Rankine’s Steam Engine, page 298, formula 1), we 
get 1,131 as the velocity produced by the expansion; /. ¢., if a 
pound of steam were to fall by gravity through a height of 
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19,872 feet, 19,872 foot pounds of work would be done by gra gravity 
and a velocity of 1,131 feet produced as the result. This i is the 
velocity corresponding to 50 lbs., and in the same way the velocity 
ean be found for all pressures on the card. A more exact way 
is, by means of the formula (1 A), on page 3587, Rankine’s Steam 
Engine. 

Let these velocities be laid off to a suitable scale opposite the 
corresponding pressures, and the velocity curve A V drawn (the 
scale chosen is such that figures 2, 4, 6, ete., along OX, indi- 
cate 20, 40, 60, etc., feet per second). 

A comparison of the two curves shows the following : 

At 60 lbs. pressure the pound of steam has a velocity of 7S0 
and a volume of about seven cubic feet ; therefore it must have a 
sectional area of seven seven-hundred-and-eightieths of a square 
foot to pass through, because the area x velocity = volume. At 
50 Ibs. it has a velocity of HH = 1,140 feet and a volume LG = 5.2 
cubic feet, and we get, in the same way, a sectional area of 
about .007 square foot; at 40 lbs. an area of less than .(07 
square foot; at 30 lbs. an area greater than .007 square foot ; 
and for 20 lbs., ete, the area goes on increasing. Therefore 
the jet will naturally assume a shape with the smallest cross 
section agreeing with the neighborhood of 40 lbs. pressure, and 
the shape will fit itself into the nozzle if the latter has a shape 
similar to that of the jet. By amore careful calculation the 
minimum sectional area will be found at about 40.6 lbs., and will 
be .0068 square foot, or .98 square inch. 

Lay out a new curve of volumes AU, which we will call the 
“delivery curve,” by multiplying all the velocities by the mini- 
mum sectional area, thus: HH multiplied by 98 = FF. This 
curve will be tangent to the adiabatic curve at 7',* where the 
pressure is 40.6 lbs., and any volume given by it, as LF, is tlie 
volume of steam which will pass through a sectional area equal 
to the throat section, or .0068 square foot, at the corresponding 
pressure, or 50 lbs. ; therefore, where the steam has this press- 
ure the nozzle must have a sectional area larger than thie 
throat area in the proportion of HG to EF. It does not come 
within the scope of this paper to show how to lay off a nozzle 
of the most correct form, but, given such a nozzle, we may mark 
the pressure at any point along it, as b, Fig. 261, by finding the 


*The point 7’ in the figure has, by mistake, been shown just below the 40 Ib. 
line instead of above it. 
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pressure in Fig. 262, at which F/': EG as the throat sec- 
tion : section at 4. 

The first use to be made of the above discussion is to obtain 
the size of the throat necessary to pass the quantity of steam 
desired, or, vice versa, when the throat is given to find the 
quantity. If one pound will flow through a throat section of 
.98 square inch, then a one-square-inch throat will pass 1.02 
lbs.; but friction will certainly reduce the flow somewhat, so 
that we may as well allow 2%, and take one pound as the delivery 
through one-square-inch throat section, which agrees with 
Rankine’s approximate delivery formula (see Rankine’s Steam 
Engine, 11th edition, page 298, 3d line from the bottom). 

The next use isa much more important one in its bearing 
on the power and efficiency of the reaction-wheel If the nozzle 
be terminated at the throat the steam will be abandoned at 40.6 
lbs. pressure; but if it be flared beyond the throat to d, so that 
the section at d is about 10¢ greater than the throat section, 
then we shall hold on to the steam until it expands down to 
about 26 Ibs., for which pressure FG is 10% greater than /'F, 
and thereby increases the power and efficiency of the wheel. 

To ealeulate the horse-power for these two forms of nozzle 
we proceed as follows : 


In one second one pound of steam escapes, or 1 + g = .031 
unit of mass, which, multiplied by the velocities for 40.6 and 
for 26 Ibs., viz., 1,440 and 1,905, give 45 and 59 
for the momentum per second, which are the we. 
reactions of the jets in pounds. In one minute 
the orifice d of the jet travels 4,000 x 7 feet; 
the steam does not however issue tangentially, 
but at an angle a (Fig. 263), and therefore the 
work done is 45 x cos a X 4,000 x 7 in the one —4 , 
case, and 59 x cos a X 4,000 X zintheother,and a 
if cos w equals, say .9, we get respectively 509000 Fra, 268. 
and 667000 foot pounds per minute, or about 15 and 20 H.P. 
In estimating the cosine of a an allowance should be made for 
the divergence of the outer parts of the jet from the direction of 
its axis. 

The same wheel run at 16,000 revolutions would develop four 
times the gross horse-power with a boiler pressure of about 59 
lbs., as before shown, giving therefore about €2 and 80 H.P., 
according to the degree of expansion. By prolonging the nozzle 


until its outward end has about one and a half times the throat 
section, the steam can be expanded to atmospheric pressure 
with a velocity of 2,300 feet, which would increase the horse- 
power theoretically to about 24 for 4,000 revolutions, and to 96 
for 1,600. That the full theoretical advantage of this complete 
expansion could be realized in an actual wheel cannot be 
assumed, as there may be drawbacks which would appear in an 
experimental test. 
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In the above calculation we have made no allowance for fric- 
tion beyond using one pound per sécond, instead of the some- 
what larger discharge indicated by our analysis. But, as in re- 
ducing the flow, the friction reduces the velocity, a further allow. 
ance should be made for it. This, however, will be different for 
different sizes, forms and smoothness of nozzles, and we cannot 
attempt to calculate its effect here. 

The horse-powers calculated above may be called gross horse- 
powers, or those actually developed by the steam jets. From 
these must be made a deduction peculiar to a reaction- wheel, 
but which is avoided in a turbine by means of the entrance guide- 
blades. All of the steam arriving at the point « has been re- 
ceived by the wheel at its centre with but little velocity, and 
during its flow outward to @ the wheel has given to it the velo- 
city of its periphery, or 524 feet per second for each 1,000 rev- 
olutions per minute. Thus the steam absorbs each second from 
the wheel an amount of energy equal to the mass per second into 
half the square of the velocity = .03 x .5(52.5)’ = 43 foot pounds, 
or about 2,600 foot pounds per minute. This deduction for the 
speeds of 4,000 and 16,000 per minute will be respectively 16 
and 256 times greater, or 41,000 and 656,000; thus reducing 
the gross horse-powers per 4,000 revolutions, namely, 16, 20, 
and 24, to less than 15, 19, and 23; while for 16,000 the horse- 
powers fall from 64, 80, and 96, to 44, 60, and 76. 

The water used, 3,600 lbs. per hour, divided by the horse- 
power, gives from 240 down to 60, and even 48 for the complete 
expansion. 

A comparison of the above results, with those deduced in the 
rough calculation, sustains the general accuracy of the latter. 
DISCUSSION. 


Mr. Geo. H. Barrus.—lt may be of interest, in connection with 
this paper, to give the results of tests which I made upon 
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an engine which depended for its action on the impact of a 
steam jet striking against the blades of a wheel enclosed in a 
metal casing. The chamber in which the wheel revolved was 
about 15 inches in diameter and 1} inches thick, these being 
the inside dimensions. The wheel was 14 inches in diameter at 
the edge of the blades, and the width of the blades was about 1 
inch. The steam was admitted through a pipe placed in such 
a position that the steam struck the blades at a point near the 
end, and in a direction tangential to the circle. The orifice 
was | inch in diameter. The quantity of steam used, which 
was constant, amounted at 100 Ibs. pressure to 210 lbs. weight 
per hour. The amount of brake horse-power developed when 
the engine was run at its maximum speed, viz., 6,000 revolutions 
per minute, was 1.2 H.P. Under these circumstances the rate 
of consumption of steam per brake horse-power per hour was 
175 lbs. 

Mr. Strickland L. Kneass.—Al\though I cannot give at the 
present time any information in regard to experiments with the 
steam turbine, yet I would like to present some notes upon 
that part of Prof. Webb’s paper bearing upon the discharge of a 
jet of steam. 

The efficiency of a steam reaction-wheel depends upon two 
princijal conditions : 

(a) The amount of work converted into velocity by expansion 
of the steam. 

(6) The application of the energy of the discharging jet to 
the rotation of the wheel. 

The first condition requires, in order to produce the highest 
theoretical efficiency, that the expansion must be carried down 
to the pressure of the surrounding medium during its passage 
through the nozzle, and that with the least possible loss. The 
second condition has already been covered, and therefore will 
not be discussed. 

The peculiar form assumed by a jet of steam after issuing 
from an orifice indicates that the laws that govern the discharge 
may be very complex, and that the shape of the nozzle to de- 
velop the maximum energy of the jet is entirely different from 
the form used for inelastic fluids. The sketches shown in the 
illustration are based upon observations and photographs of jets 

at 120 Ibs, initial gauge pressure; four orifices of different 
shapes are represented, each having an individuality of its own. 


897 

| 
| j 


898 PERFORMANCE OF A STEAM REACTION-WHEEL. 


1. A short cylinder or convergent nozzle. (Fig. 320.) 

2. An aperture in a thin plate. (Fig. 321.) 

3. A divergent straight 322 ) in 
o® A divergent curve. (Fig. 323.) 

For the sake of clearness w part of the dise harge is 
made with dark tones and the visible lines near the orifice are 
somewhat emphasized. 

The first two nozzles permit an immediate diametral expan- 
sion and consequent loss of velocity-producing energy; an 

DIAGRAM NO. 1. 
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envelope of low-pressure steam is formed, through which the 
central jet is clearly seen ; this swelling of the jet occurs when- 
ever the internal pressure at the mouth of the nozzle is higher 
than that of the medium into which it discharges. The appear- 
ance of the envelope depends upon the pressure and the per- 
centage of moisture in the steam ; when very wet the discharge 
is almost perfectly white, while dry steam gives a clear, trans- 
parent blue with occasional flecks of white and changes of color, 
that indicate the boundaries of the internal and external jets. 
The divergent nozzles No. 3 and No. 4, on the other hand, 
compel an axial expansion which utilizes the energy more fully, 
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and if correctly proportioned will give the steam very nearly its 
theoretical velocity. 

Some experiments were made about four years ago upon the 
internal condition and velocity of discharge of a jet during 
its passage through the tubes of various shapes, and the results 
embodied in a paper presented before the Engineers’ Club of 
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Philadelphia. Therefore, without going into detail, I will state 
that the internal pressure during discharge was observed at 
several different points of a tube, and the velocity of the steam 
calculated for each section. The results correspond closely 
to those found theoretically by Prof. Webb, and, further to 
illustrate, I would present a diagram (Fig. 324) showing the 
expansion of the steam and increase of velocity in a nozzle 


with divergent curves ; pressures and velocities at all points of 
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the tube are shown for 30, 60,90 and 120 lbs. initial gauge 
pressures, and the relative length of the tube for any degree of | 
expansion is apparent. The upper lines indicate curves of 
velocity, and the lower expansion lines indicate the fall of press-_ 
ure as the steam traverses the tube. 

There will be noticed a curious fact to which I have never 
seen reference made, viz.: that the velocity is practically the 
same at any given section for all pressures from 30 to 120 lbs., 


making the weight discharged per second almost exactly pro- 
portional to the initial density of the steam. 

In conelusion I would like to state that the ratio of the abso- 
lute pressure at the minimum diameter of the tube, to the 
absolute initial pressure, was not found to be constant in my 


experiment, but varied shght!y with the pressure ; the value of 
58”, as given by Rankine and demonstrated graphically by Prof. 
Webb, would seem therefore to be a mean for all pressures. 

Mr. Carleton W. Nason.—I notice there that the best efficiency is — 
about 60 lbs. of water per horse-power per hour, and I believe 
there is also a considerable percentage of that which has been 
due to the condensation of steam within the wheel. Take, for 
example, the instance of the Avery engine, which is a pair of 
steel plates brazed together at the edges, and running at a very 
high velocity, the wheels being six feet in diameter. The con- 
densation in that wheel, unless the surface was protected, must 
have been very large. Experiments that I have made in steam 
condensation on metallic surfaces show that as the velocity of air 
or water passing over them becomes high, they increase very 
rapidly in their transmission of heat and condensation of steam 
on them. 

Prof. Sweet.—I would like the attention of the meeting for a 
few moments for the purpose of giving a few facts in respect to 
the Avery engine, and to ask whether the theories advanced by 
the theorists correspond with the facts as they are known to 
have existed in the engine. One of the original engines can be 
seen at the Cooper Institute in New York. It is a machine five 
feet across the arms, made of steel, with two orifices, each one- 
twelfth of an inch in thickness and one-sixth of an inch long. 
It was reported, and I believe it to be true, that those orifices 
would permit all of the steam that an ordinary boiler would 
make to pass through them wheu the engine was at its maxi- 
mum speed. 
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The orifices would not permit all of the steam from the 
boiler to pass out when at rest, but when under motion they 
would pass over the steam, and it was for this reason, probably, 
that all the steam that the boiler could make would go through © 
those two small holes. Probably a hundred engines of this 
kind were run for a number of years, driving saw-mills, and 
were at that time a successful machine, at least so the people 
thought who ran them; and one machinist, who took out an 
Avery engine and put in a stationary slide valve engine, said it 
took just as much wood to run the mill as it did before. The 
trouble with the Avery engine was, they ran so fast that the 
second arm came around into the steam as it left the first arm, 
cutting each other away, so that the arms would not last more 
than two or three months. While that would not trouble us at all 
at this day, it was what threw the Avery engines out at that time. 
The first slide valve engines that were put in to take the place 
of the Avery engines were not particularly more economical. 
In Mr. Avery’s note book, which I own, he states that in his” 
engine, which was on a locomotive, and started to run from 
Newark to New York and ran into the ditch, the arms were 
seven feet from end to end; that is, revolving in a circle seven’ 
feet in diameter, and the outer end of the arm ran at the enor- 
mous velocity of fourteen miles a minute. 

Mr. Suplee.—\ should like to refer to these instantaneous photo- 
graphs of jets. I notice some similarity between them and 
some photographs of rifle bullets I saw not long ago, where the 
object was distinct, as well as the condensation produced in the 
air made by the velocity of the bullets through the air. The 
shapes of the curves were very similar to those of the jet, ex- 
cept that when the velocity reached a sufficiently high point the 
air was very noticeably condensed in front of the bullets. Of 
course the reaction in the gun would not be affected in the 
slightest by the subsequent resistance which the bullet might 
meet in the air, but the shape of the curves in the photographs 
was very similar to the sketches exhibited. 

Prof. Webb.*—These experiments with a steam jet seem to me 
to be most important. A thing which is used as much as steam 
is and in the economical use of which we are so much interested, 
should be used intelligently, and it would seem that large 
amounts of money might be advantageously spent in learning 
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exactly how steam acts under various circumstances. There 
is one fact, which was not brought out sufficiently, to which 
I wish to call your attention, as to the escape of steam from 
the reservoir, with reference to the amount of steam escaping 
‘at different pressures and with different lengths of nozzle. 
‘ ‘Suppose we have a reservoir and a properly shaped nozzle 
which permits the expansion of the steam down to atmos- 
y -pheric pressure. Say we have 70 lbs. in the reservoir and 14 
7 Ibs. outside at the end of the nozzle. A certain amount of 
7 steam will escape. If you cut off this nozzle, so as to shorten 
ae it gradually, still, leaving out the effect of friction, the same 
= amount of steam will escape ; the surrounding air takes the place 
| of the part cut off the nozzle as long as it is not cut away as far 
as the throat. Again, if you,increase the outside pressure to 
anything less than the throat pressure, or 40 lbs., you will 
‘not affect the flow of steam. 
The experiments undertaken by Mr. Kneass are of great 
interest and of considerable difficulty. Too great dependence 
should not be placed upon conclusions drawn from the appear- 
ance of the jets. Photographic views, even of jets, may require 
considerable ingenuity to interpret them properly, and may in 
some points be deceptive, and cuts engraved fromthem must be 
more so. I would suggest that the jets should be placed in 
front of a background ruled in small squares, and this back- 
ground photographed as it appears through the jets, so as to 
- get at their constitution by means of their distorting effect 
upon the system of squares. Precaution should also be taken 
to prevent rotation of the jets, a very natural explanation of the 
form of such jets as Figs. 320 and, especially, 321 being that 
the steam escapes in paths approximating to the elements of 
a hyperboloid of revolution. The “curious fact” referred to is a 
well-known one, and lies at the bottom of Rankine’s rule for 


the pressure by 70 and multiplying by the section of the jet in 
square inches. 


Some gentleman stated that in a steam reaction-wheel the 
periphery ought to run at the same speed as the steam escaped, 
and Prof. Sweet questions whether theory and practice ought 
to agree when the steam escapes from a revolving wheel. 

Theory takes into account the motion of the wheel, and, indeed, 
the effect of the motion is very simple. Steam will escape 
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just as fast whether the wheel revolves or stands still, provided 
the pressure back of the orifice remains the same, but the effect 
of the motion of the wheel is to increase that pressure by the cen- : 
trifugal force of the steam in the wheel; this makes the steam 
denser, with more pressure to force it through the orifice, so— 
that the same orifice delivers more when the wheel is in 
motion. There is nothing in the suggestion that the wheel 
moves over or past the steam, thus increasing the flow, because 
' the steam before it escapes is going round with the speed of 
the wheel; centrifugal force fully accounts for any increased 
flow. As to running the wheel as fast as the steam escapes, it 
is impossible to do so with a reaction-wheel, because increasing 
the speed of the wheel increases the centrifugal force, and there-- 
fore the speed of the escaping steam, and makes it impossible 
for the former to catch up with the latter; and this is the funda- 
mental reason why a reaction-wheel cannot be highly efficient, 
as a turbine can. Ina turbine you can make the wheel revolve | 
as fast as the steam escapes. In the calculations I have 
made in the paper, the greatest difference of pressure due to_ 
centrifugal force is 11 lbs. In asteam turbine a fall of press- 
ure of 4 or 5% produces as high a velocity in the steam as 
the wheel can safely have to keep up with it. Multiple tur- 
bines are built which run, say, 9,000 revolutions per minute 
for a 30 H. P. machine. In these the steam is economized by 
repeated expansions ; there are forty-five expansions in the tur- 
bine referred to. In calculating a steam turbine, all these points 
are taken into account in theory except the radiation ; and these 
machines are so much smaller than other engines, that the radia-_ 
tion might be very rapid, and yet but little heat be lost. 

It has been suggested that the gyroscopic action of the Avery — 
wheel prevented the locomotive from freely following the curves 


be needed would be to place the axis of the wheel vertical, in 
which position it would have a beneficial effect in opposing 
pitching and rolling of the locomotive. 

Mr. Barrus’s experiment is very interesting, as it falls in so” 
well with calculation. Of course 6,000 revolutions was nothing 
like the speed the wheel ought to have had to do its best. 
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JET PROPULSION. 


BY J. BURKITT WEBB, HOBOKEN, N. J. 


(Member of the Society.) 


THE following contribution to the subject will, I hope, be of 
interest. It needs but little introduction, since, to a great extent, 
it explains itself. A year or two since, when the subject was a 
live one in certain quarters, several students took special interest 
in the mechanical principles involved, when we came to them in 
the course of instruction. I laid down the law, and, as usual, 
enforced it by illustration and argument, but it so happens that 
these principles, like many other good ones, are unacceptable to 

the unregenerate mind. When, therefore, I learned that some had 
gone away and quietly tried the experiment, I enjoyed one of those — 
moments of satisfaction which come to every successful laborer in 
a good cause; I was glad that Nature had had the chance to vin- 
dicate her own laws. The subject is not one which is, ordinarily, 
well understood, in fact many engineers are totally wrong in their 
conception of the way in which a jet acts, and it will be a satisfac- 
tion to me if this letter contributes towards a more correct knowl- | 
edge of the facts. 
wens! 14 
The following is a description of some experiments which I made with water 


jets in the Fall of ’89, to prove that the reaction of a jet is the same in air as in | 
water. 

These trials were made to disprove a statement that a stream of water 
issuing from a nozzle under water reacts upon the surrounding water and tends 
to drive the nozzle in the opposite direction to that of the jet, in the same way 
that a solid rod, issuing from the same nozzle, would react upon a stone wall. 

I felt certain as to the results of the experiment because you had told me what — 
they would be beforehand. 

The arrangement for measuring the reaction is shown in the accompanying 
sketch (Fig. 260). 

The tests were made in a large tank and the water was supplied by a steam-— 
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‘pump at a constant pressure of 100 lbs. per square inch. The pump had a 
steam-cylinder of four inches and a water-cylinder of two and three-sixteenths 
inches diameter, and a stroke of two and a half inches. 
_ The nozzle was fastened to the foot of a pendulum four feet long and con- 
nected to the pump by a flexible half-inch rubber hose. The hose was hung by 
strings so that the stiffness was inappreciable. The pendulum at the nozzle was 
connected to a spring balance by a cord about four feet long. When the jet 
was flowing the pendulum was brought to the vertical by moving the balance, 
and in this way every force due to the deflection of the pendulum was eliminated, 
_ The pendulum was first hung so that the nozzle was a little above the water and 
- the reaction found to be four pounds. The pendulum was then lowered so that 
the nozzle was about four inches below the surface of the water, all other con- 
- ditions being the same, and the reaction was found to be the same—four pounds, 


Fig. 260, 


Pressure of water = 100 pounds 
per square inch. 


Jet reaction = 4 pounds, 


Velocity.<122 ft. per. Second 
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_ The only difference was that when the nozzle was under water the balance hand 
vibrated a little more. 

When these results were reported to the party making the statement, the re- 
_joinder was made that ‘‘ the reason was that the jet struck the opposite side of 
the tank "—five feet distant—‘ and so pushed back on the nozzle.” 

I therefore measured the reaction in air again with the pendulum hung from 
the roof of the house, twenty-five feet above the ground, so that the jet broke 
into spray before it struck. All the conditions were the same as before and the 
‘reaction was the same—four pounds. I then put a flat plate on the pendulum 
and let the jet impinge upon it, and the pull was the same as the reaction—four 
pounds, I afterwards used a similar apparatus (but more delicate) with a con- 
om head of water—about 10 lbs. per square inch—from an elevated tank. The 
‘only difference from the first trial was that the pendulum was held in a vertical 

position by a delicate spring balance when the jet discharged in the air, and then 
nothing was altered, but the water allowed to rise in the tank until the nozzle 
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was two inches below the surface, and the balance reading remained absolutely 
the same. 

I hope these results may be of some service to you, and thanking you for your 
kindness and instruction while I was at Stevens Institute, I remain, 


Truly yours, 


Mr. Carleton W. Nason.—I would like to ask Prof. Webb, in 
regard to the duty of the engine or pump, whether there is any- 
thing more in it than merely the pressure at the point of dis- 
charge multiplied by the area of the opening in inches, as giving 
the “ pull” in any one direction ? 

Mr. G. C. Henning. —The experiments described in this paper 
are so clear and to the paint, having eliminated all confusing — 
or conflicting conditions, that even the ordinary inventor can 
understand them. The one fact demonstrated, “that the effec- 
tive principle ” is the reaction upon the orifice, irrespective of 
the surrounding medium, is clearly brought out and deserves 
particular attention. 

Recently I had occasion to look into the matter of jet propul-_ 
sion because an inventor was sent to me to explain his new 
invention, for which he wanted $40,000 for experimental pur- 
poses to prove that he was correct. His plan was to eject the 
water from the boat with a velocity equal to that of the boat, 
claiming thus to obtain the maximum efficiency. At the same 
time this inventor condemned Dr. Jackson’s scheme and state- 
ment that a jet impinging upon a surrounding mass of water 
would act precisely like a steel rod pushing against a stone wall. 
Although he believed that the boat was propelled merely by the 
reaction of the issuing jet of water on the orifice he could or 
would not keep this in view, but was misled by other condi- 
tions. Had he been able to make as simple an experiment as 
detailed in the paper before us, he would not have spent time 
and money in the attempt to accomplish an impossibility. 

This paper deserves to be generally read for its clearness and 
simplicity and directness. 

Mr. Henry H. Suplee.—It was my fortune to witness some 
experiments made to increase the efficiency of a screw propeller 
by surrounding it with a converging nozzle. The experiments 
were made on a little naphtha launch about 12 to 15 feet long, 
and a propeller about 15 inches in diameter. The nozzle was 
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made with a bell-mouth entrance, so that the water would 
readily flow into it. It fitted entirely around the propeller, so 
that the water was drawn in by the propeller and discharged 
through the tube. When the boat was moored fast to the wharf 
and a spring-balance inserted, similar to the experiment described 
by Prof. Webb, it showed a marked increase in the pull on the 
spring-balance when the tube was used. It seemed as if the 
propelling power of the propeller was decidedly increased. In 
some cases it ran up as high as 25¢ to 40%. When the boat was 
loosed and we endeavored to see the increase in the speed by 
running over a measured course there was a marked loss, as 
great as 10% or 157, which was apparently due to the increased 
resistance of the braces, ete., by which the tube was attached, in 
the water. So that while it gave an increased pull it gave also 
a marked reduction in velocity. 

Mr. F. Meriam Wheeler.—Some reference was made to a boat 
constructed in South Brooklyn using the principle of the jet 
for propulsion, and in which the inventor was more than san- 
guine in regard to the success of it. I always contended that, 
even if he secured the effect which he expected with his 
jet, he never could practically apply it to vessels, for the sim- 
ple reason that he has got to use a pumping engine. It is 
a well-known fact that the piston speed of a pumping engine is 
very limited. In ordinary direct-acting pumps about one hun- 
dred feet piston travel per minute is generally considered the 
standard rate of speed. In the fly-wheel type of pumping 
engines, it is sometimes as high as 350 to 400 feet. But what is 
that speed compared to the modern marine engine that makes 
from 850 to 1000 feet piston travelled per minute ? The applica- 
tion of the jet system would require the engine to be very bulky 
and heavy, to say nothing about its lower rate of economy in 
steam. In other words, the room and weight required for a 
pumping engine for jet propulsion (providing the jet was a sue- 
cess would be so great that you could not practically apply 
it with any success. You would require more boiler capacity, 
your vessel would be full of pumping machinery and boilers, 
with little or no room left for coal, crew, or provisions. 

Mr. W. W. Bird.—I should like to ask one question: If a jet 
is thrown into a vacuum what is the reaction then ? 

Prof. Webb.—The object of the paper is, as Mr. Henning has 


said, to put the matter in a shape that can be understood. 
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If a jet is thrown into a vacuum its reaction is the same, viz. : 
its momentum—equal to its mass per second multiplied by the 
velocity of exit with respect to the nozzle. The reduction of the 
pressure against which the jet issues, will, however, other things 


being equal, increase the velocity of the jet and thus increase 
its momentum. With the same energy expended in pumping, 
the velocity of the jet will be the same, however, whether it 
issues just beneath the surface or on a line with the keel, and it 
might be delivered equally well a/ the surface into the air. If 
I understood Mr. Henning’s remarks aright in reference to this 
inventor’s plan, it was that he was to have the jet escape 
through the nozzle at the speed of the vessel. 

Mr. Henning.—Yes, sir; the water moved back at the same 
speed. 

Prof. Webb.—That is a most excellent plan. That will give 
perfect efficiency, and the machinery may be the simplest in the 
world. All you have to do is to put a straight tube, with no 
machinery whatever, right through the vessel, and then the 
water will naturally enter and leave at the same speed, and 
there will be no loss except friction—you can get a canal horse 
or something else to pull the vessel along. (Laughter.) 

Mr. Henning.—The only objection would be that the orifice 
would have to be exactly the same as the midship section, 
because the resistance of the boat is equal to so much per 
square foot of reverse midship section. 

Prof. Webb.—I did not suppose this jet was to propel the vessel 
at all. (Laughter.) That is the way in which all these schemes 
have been carried out; they are propelled by high-speed or 
high-pressure talking, mostly, and these rhetorical jets stir up 
the surrounding sea of dollars and cents, so that it doesn’t 
come to rest again without much money disappearing in heat or 
otherwise. 

In reply to Mr. Nason: If the area of the nozzle is A square 
feet and the water is forced through it with a velocity |)’ feet, 
then the volume of water delivered per second is | A. Also, if w 
is the weight of a cubic foot of water and g the intensity of grav- 
ity, then VAw is the weight discharged per second, and VAw = 4 
the mass. Also let /’ be the force in pounds which propels the 
vessel with the velocity v through the water. 

The energy developed by the engine or pump, neglecting fric- 
tion, is reckoned thus: 
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The useful work per second is that employed in propelling the 
vessel, and is equal to Fv. The wasted work is the energy left 
in the water, which gradually changes into heat as the water 
comes to rest again. It is equal to half the mass multiplied by 
the square of the velocity with which the escaping water goes 
through the surrounding water, equal to } Aw +g(V—v)?. The 
sum of these two is the whole energy developed. Now /' = the 
momentum of the jet with respect to the vessel less the momen- 
tum of the feed-water with respect to the vessel, or / = VAw +g 

V—VAw +g x v =VAw + gq x (V—v), which being multiplied 
by v gives VAw + g x v( V—v) for the useful work. 

Adding the useful and wasted work, we get } VAw-+q 
(V?—v?) This is equal, as it should be, to the difference of 
the energies (reckoned with reference to the vessel) of the water 
leaving and entering the vessel. 

The pounds pressure pushing the vessel ahead is equal to 
the difference of the reactions (or momenta) of the out-going 
and in-coming jets, regarding the feed-water as a jet entering the 
vessel in front. There is an interesting fact with reference to 
the reaction of a jet. Suppose at first a tank is closed up and 
you have a pressure of 100 per square inch near the bottom 
inside. Now let a hole be opened of 1 square inch section so 
that a jet of water flows out, this will make a difference of 200 
pounds on that wall of the tank in which the hole is made; 
100 pounds because the wall is eut away, and another 100 
pounds because the pressure on the rest of the wall near the 
hole decreases. 

In reply to Mr. Suplee: If the propeller in an ordinary ship 
is surrounded by a tube—we won't say a conical tube, but a par- 
allel one—it will prevent the propeller giving the water any 
radial velocity. Therefore, if we could put a tube around the 
propeller, and have no friction in that tube, we would gain some- 
thing ; but the friction in the tube would probably be the ele- 
ment which would bring the speed of the vesseldown. In refer- 
ence to the remarks as to the impossibility of running a vessel 
by a jet on account of using a pumping engine, why, every pro- 
peller boat is run by a jet; it has simply a different kind of a 
pump. A propeller is a pump, then, to give the velocity back- 
wards, and the only difference between ordinary propellers and 
these schemes for running a small jet is, that the propeller is 
large enough to propel the boat economically and the jet is not, 
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and the propeller runs at a small velocity and therefore gets a 
higher efficiency. But further, as to the discharge into a 
vacuum. It does not matter what the jet discharges into, any 
more than when you shoot a gun it matters what you shoot at: 
if the gun kicks, it will kick, and reaction is only another name 
for kicking. (Laughter.) At the same time, if you plug the gun 
up it is not likely to let the ball go out. Consequently, reduce 
the pressure outside to a vacuum, and the more you recuce it 
the greater the velocity of escape into the vacuum. The whole 
propelling action is obtained in giving the velocity to the water; 
after the jet leaves the vessel it makes no difference what you 
do with it; you can put a board right up close to the back of 
the vessel, provided you don’t put it near enough to choke the 
jet, which would be analogous to plugging up the gun. The 
principle of jet propulsion occurred to me when the Charleston 
was sent after the /tata. If the two vessels were able to steam 
at about the same speed and the former had nearly caught the 
latter, and then they commenced firing at each other, the reac- 
tion of the guns would be a case of “ jet propulsion ;” that is, 
the reaction or kick of the /fata’s guns, firing backward, would 
increase her speed, while the forward firing on the Charl: ston 


would retard her and p t her from 
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FLEXURE OF ELASTIC RINGS. 


BY DE VOLSON WOOD, HOBOKEN, N. J. 


(Member of the Society.) 


We first establish the general equation of flexure for a piece 
initially bent. Let JO be the neutral line of the piece AJFE, 
whose length /O is infinitesimal; p, 4 


the initial radius of curvature at 0, 
» the radius of curvature after it is 
bent by an external force. Let the 
moment of the bending stress at O 
M, Ad the transverse section of the 
beam normal to the axis /0, BD par- 
allel to AJ, EF’ a section originally 
normal to the axis JO, and Gila 
normal after final bending. 

Let mo be any element of the ini- 
tially bent beam at a distance y = Oo 
from the neutral axis, then will op = A 
be the elongation due to the moment 
JM, and no the excess of the initial 
length mo over that of JO. 


“ho 
Wehave 

o 


no =) =( 
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The stress that will produce an elongation A of an element 
whose section is k, wil] be 


where £ is the modulus of elasticity. The moment will be 
4 


hence the formula for the flexure of a piece initially bent is the 


1 1 
same as for one initially straight, excepting that — — — is sub- 
. 


stituted for : in the latter. If/ be the principal moment of 
p 


inertia of the cross section at 0, we have, by taking the sum of 


all the internal moments of stress, 


LY, 


Deflections are not easily computed by this formula for the 
cases we chiefly desire to consider in this paper. The change 
of direction of the neutral line will equal 
the angle COC, = EOG, which call d¢. 

Then from Fig. 264 and equation (1) 


op ] 1 M 

In Fig. 265, let the curve JA be the 

axis before flexure, and /Z after, A and 

O representing the same points in the 

Fig. 265. preceding figures, /K = ds, the displace- 

ment of a point A in reference to / will be KL, the two com- 

ponents of which will be AV vertically and 1. horizontally. 

Through / draw the straight lines /K and LL, then will the 
change of direction of the axis at Jbe 


BIR=d@... 


_ Let the codrdinates of K in reference to / be 


KN =2, Nl=y, [IK=2,NIK=0=LKM; 


fl 1 
4 
| 


FLEXURE OF ELASTIC RINGS. 


then KL = 29, KM =z sin 6dy, LM = z cos 6dq, . 


tise x=2zsin 0, y =z cos 6; 


Let 6, be the 2-component of the displacement, and simi- 
larly 6, the y-component, due to the moment J/; then, if the 
change be infinitesimal, equations (5) and (8) give 


« Mt 
ad = 8, J = Oe = as . 
dé ls, KM = doby ls (9) 


‘The displacement of A due to several bending moments 
vetween A and /, if expressed by a continuous function, will be, 
equations (5), (7), and (9), 


Meds 


Myds 
| EI (12) 


(13) 


These equations are also applicable to beams _ initially 
straight. 


APPLICATIONS. 
1. Let the beam be prismatic, 


initially straight and horizontal, | 


fixed at one end and loaded at the eet 


Let P represent the load, / the : Fre. 206. 
length of the beam; then, the origin being at K, 


de = da, M = Pz, y = 0, & = 2, 
and the preceding equations give 
7? 3 
o= nl KL = by =1 


0 


6,=0 


These are well-known results. 


¢ 
= 
— Gf 
| 
(14) 
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If the origin of coordinates be at A, x in the preceding equa. 
tions must be changed to / — x. 

2. Let the beam be initially curved, being that produced by 
the weight P in the preceding exercise; then add another 
weight P. 

To find y, let the origin be at 1; we have, by means of 
rectangular coordinates, the well-known equation, as 
= Pe =M, 

dae’ WA 


which integrated twice will give 


which substituted in equation (12) above, and still considering 


ds = dx, gives 


when x = /. 
The ‘nercased deflection due to the second load P will be 
1 Pl 
3 El 
the same as for the first load P, the new value of AL being 20,,. 
3. If a thin, uniform, circular, elastic ring be hung on a pin, 
and carry a weight /’ at its lower end, required the form after 
distortion. 


(16) 


The ring after distortion will be symmetrical in reference to 
its vertical diameter, and its highest and lowest elements will be 
we horizontal ; and the problem will be the same as 
that of half the ring with its upper end firmly fixed, 
and at its lower end a moment equal to that exist- 
ing internally in the solid ring, and also a horizon- 
tal force acting in the same sense as in the solid 
ring, retaining the lower end in the vertical diaim- 
eter, and carrying } P. There will be no shearing 

Fie. 267. stress at 4 or L. Let Fig. 267 represent the case, 
and 


M, be the moment of internal stress at A. : 
H, the horizontal force at A. Pa 


L 
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—— w, the weight of unity of length of the ring. 
oe the radius of the centre line of the ring = OB. 

#, the angle AOC. 

the angle AOF. 

p, the radius of curvature of the ring after distortion. 

y, the change of direction of the tangent at any point due 
to distortion. 

s, the are measured from A. 

/, the moment of inertia of a transverse section. 

Fk, the modulus of elasticity. 

M, the moment of internal stress at any point as (. 


Then 
ce 


x= ...... (19) 


The moment of the weight of the ring between -1 and C in 
reference to C will be 


| r (sin 6 — sin f) wrdf = wr’ (9 sin + —1). (20) 


The moment of all the forces between A and (' will be, con- 
sidering those moments as positive which increase the radius of 
curvature, 
M= — M, + rH (1—cos 4) + 3 P.rsin# + wr 
Equations (10) and (21) give, for the change of direction of the 
curve from /’ to C: 


Elp =r[ — 6) —rH(sin0—sinf) 


— Pr (cos — cos f) + wr? cos 6 + fcos + 2 sin 6 
Reckoning from the highest point, where the curve necessarily 
remains horizontal, 4 becomes 7, and the preceding equation 
becomes 
Elp, =r[(- M, + rfl) (x — + ri7 sin + Pr (1 + cos 


| 
= 
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The conditions of the problem require that the sum of all the 
changes of direction from B to A shall be zero, since the curve 


remains horizontal at .1, hence making # = 9, in the preceding 
equation, there results 


+ : ) 


Equations (12) and (18) give 
| _ Mr (cos — cos rdé 
p 


But the distortion ¢, will, in practice, be computed from the 
fixed end 3B, for which point = 7. Substituting from (21), 
integrating, making 7 the superior limit, we find, 

(—7M, + ar H+ 4 Pr) cos p 
+ CM, r H) (6 cos — sin 


rif (x — +4 sin 2 p) 


+ ¢ Pr (2 cos’ + sin’ 


sin 2 6 — (1 — sin’ 
— ficos + sin + 


Since the lowest end remains in the same vertical, ¢, will be 
zero for # = o, giving 
—-2aM,+jarH+ 
Equations (24) and (27) give 
H= 


1 P 


These values substituted in (21), changing 6 to #, (23) and (26) 
give 
M= i + 4 [si 30 
wr sin + cos —1] + Pr [sin (30) 


Ps = wr* [sin f — cos 6 + sin +4 Pr 
. . . . . . 


EI 6,=wr'{B cos (L+ $ cos sin (1 + cos f) + 
+ 1 Pr’ [1 — cos + cos — sin — } sin 2 (82) 


(31) 
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Similarly, 
K16, = wr' (7? — B) — cos (1 + cos 
— fsin (1 + § cos 
+ Pr |! (aw — B) + sin 2 


‘ 
+ sin cos + f#sin f)| 


If P acted upward its moment would be negative, and the 
signs of the terms containing P would be changed. 

If the lower end of the ring were fixed, and the weight P were 
placed at the upper end of the vertical diameter, the preceding 
equations would be applicable to compression by changing all. 
the algebraic signs. 

The problem naturally divides itself into two parts: one in: 
which /’ is zero, and the other in which the weight of the ring is 
neglected. 


4. Let P= 0, and B=0; 
Then (33) becomes 
6, = 0.4674 


which will be a practical formula for determining the elongation | 
of the vertical diameter when the ring is hung on a pin; or of | 
the shortening of that diameter when it stands on a plane. 

5. Let the ring be a cast-iron cylinder, Z = 19,900,000 lbs., 
thickness ¢, length b, then / = 75 bf, and w = 0.26 bt ; and oqne- 


tion (34) becomes 
q 


dy = 0.000,000,071,48 
2 


If the ring, or cylinder, be 100 inches in diameter, and one | 
inch thick, the elongation will be 


if hung on a pin; or, if it rests on a plane, the vertical diameter _ : 
will be shortened that amount. 
6. Let the weight of the ring be neglected. Then 


and equations (30) to (33) become 


M= 4 Pr{ sing — 2] 


917 
| 
(88) 
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P cos 6 +2 


(f cos — sin f) — sin 


bes 


At the lowest point 4 = 0, for which we have 


= © 
= 0. 
E Id, = 0.14877 Pr’. 


(40) 
: a 4 
(AL) 
al’ We sa, 
: om és 
\ 
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This determines the elongation of the vertical diameter, or the 
shortening of the same when the ring rests on a horizontal plane - 
and the load / rests on the ring at the upper end of the 
diameter ; and, hence, is a solution of a problem proposed some 
years since by Professor Sweet, in which it was proposed to find 


the depression of a ring partly supporting a valve. 


of the circle be 10 inches, }, the breadth, ¢ = 0.0125 inches = the 
thickness, / = 19900000, w = 0.26 if, and /? = 0. The values of 
F’ and w correspond to cast-iron, and by neglecting the weight 
P, the distortion will be due to the weight of the ring only. 
Also assume that the equations hold true for this case although 
the vertical diameter will be elongated 4.674 inches. The co- 
efficients of functions f# in equations (32) and (33) become so 
nearly 10 we will call them 10, and the equations will become | 


To show the form of the curve after distortion, let the ties 


10 | 6 cos (1 + 4 cos #) —sin (1 + cos | 
6, = 10[ (7° — A’) — cos (1 + cos 6) — Asin (1 + } cos 


| 
ae 
al 
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By means of these equations the following table has been 
computed 


0 La 


0 —0.098 —0.630 --1.510 —2.146 —1.962 —1.060 —0.207 0 
4.674 4.323 3.549 3.116 2.804 2.7438 2.088 0.841 0 


In Fig. 268, let 12C be the circle whose radius is 10 inches, 
and (Ba = 3 7; then will 


ab = -— 1.962. ba’ = 2.743, 


giving the point a after distortion; and similarly for other | 
points, by means of which the oval 4) may be constructed. 
Changing the signs of ¢, and 6, in the preceding table, makes 
it applicable to the case of compression, as shown in Fig. 269, 
in which ab will be laid off to the right of a, and ba’ will be 
downwards towards the fixed point 4. We will have 


ab = 2.146, ba’ = — 2.804, 


and similarly for other points. 


In Fig. 269, the curve A/’ is the depression of a ring of half 
the thickness of 4D. 


She 
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Tue use of machinery for stoking fuel under boilers is quite 
old, and there have been many inventions in this direction. 

The most extended use has been reached in England, where 
thousands are in service, built in many forms, but all particu- 
larly adapted to the stoking of coal on the grates of internally- 
fired boilers, where the grates are usually flat, long, and narrow. 
The most common forms of English stokers embody the features 
of throwing or pushing the coal from a recess in the boiler front 
over the grate, the mechanism in this recess being fed by a hop- 
per. Travelling chain grates, or rocking or reciprocating par- 
allel bars actuated by means of various devices, carry the coal 
from the feeding mechanism at the front end to an ash chamber 
in the rear. 

Numerous modifications of these devices have been used with 
fair success ; but, being designed especially for internally-fired 
boilers, these stokers where imported have thus far not been 
successful when applied to our externally-fired boilers. 

We, as American engineers, are naturally more interested in 
the development and progress which have been made in this 
important department of engineering in this country than in 
what has been done abroad, since we have constantly to meet 
the conditions under which this progress has been made. But 
a paper on mechanical stokers would not be complete without 
some reference being made to what the pioneers in this field 
have accomplished ; and I will therefore first consider chrono- 
logically the history of mechanical stokers across the water. 

Since the writer began collecting data for this paper concern- 
ing the various forms of English and American stokers, D. K. 


BY WILLIAM R. RONEY, CHICAGO, I 


*Presented at the Providence meeting (1891) of the American Society of Me- 
chanical Engineers, and forming part of Vol. XII. of the 7ransactions. 
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Clark’s valuable work, The Steam Engine, has been published.” 
In the chapter on Mechanical Stokers, the author has so fully 
covered the ground, as far as he goes, that, not to follow too 
closely in his footsteps, but brief reference will be made to the 
leading types of English stokers. The expression “ as far as he 
goes” is used advisedly, for the reason that, although he has 
given by far the most comprehensive treatise yet published on 
this subject, still he furnishes no information regarding the im- 
provements in mechanical stokers later than 1881, and makes 
no reference whatever to American stokers which have been 
brought out since that date—a period which covers substan- 
tially the history of successful mechanical stoking in this 
country. 

The earliest form of mechanical stoker was probably the one 
patented in 1785, by James Watt, the inventor of the steam- 
engine. It was a simple device to push the coal, after it was 
coked at the front end of the grate, back towards the bridge. It 
was worked intermittently by levers, and was designed primarily 
to prevent smoke from bituminous coal. 

The next mechanical stoker of which there is any record was 
invented by Wm. Brunton, of Birmingham, Eng., and which he 
patented June 29, 1819. It consisted of a circular grate revolv- 
ing on a central vertical spindle, and a hopper with a toothed 
roller so placed as to discharge the coal upon the slowly-revolv- 
ing grate. This device is said to have worked quite satisfac- 
torily. 

Soon after, in 1822, John Stanley patented a stoker consist- 
ing of a hopper on the front of the boiler, with crushing rollers, 
and rapidly-revolving fans for distributing the coal over the 
grate. Later Mr. J. G. Bodmer patented, May 24, 1834, and 
October 5, 1843, a form of mechanical stoker in which the coal 
was fed from a hopper on to an ingeniously designed grate, in 
which the fire bars were slowly moved inward, and on reaching 
the bridge were dropped in sections and returned to the front 
of the furnace by means of return screws. This device, though 
ingenious, was complicated and too liable to get out of order to 
be practicable. 

After the year 1810 many styles of mechanical stokers were 


* The Steam Engine: A Treatise on Steam Engines and Boilers. By Danie! 
Kinnear Clark, Hon. Mem. A. 8S. M. E. Blackie & Son, London, Glasgow, 


Edinburgh, and New York, 1890. 
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patented in England, but nearly all were merely variations and — 


modifications of the two forms of stokers patented by Mr. John 
Jukes in 1841, and by Mr. E. Henderson in 1843. The Jukes 
ud Henderson stokers were, however, really the development of - 
the crude ideas embodied in the Stanley and the Bodmer stok- 
ers already referred to 

The Jukes stoker consisted of longitudinal fire bars, con- 
nected by links, so as to form an endless chain, similar to the 
familiar tread-mill horse power. The small coal was delivered 
from a hopper on the front of the boiler, on to the grate, which, 
slowly moving from front to rear, gradually advanced the fuel 
into the furnace and discharged the ash and clinker at the 
back. 

A large number of stokers were subsequently patented, de- 
signed to accomplish the same result, viz, to receive the fresh — 
fuel at the front of the furnace and discharge the burnt-out— 
residue at the back. Im the most of them the grate bars ex- 
tended lengthwise from front to back of the furnace, instead of 
crossWise as in the Jukes stoker, and the fuel was advanced by 
a slow reciprocating movement of the fire bars. This movement 
was produced in various ways by the clifferent inventors, the— 
usual method being by means of cams or cranks on a transverse 
shaft on the boiler front. The most successful of this type of 
stokers were the Vicar’s Mechanical Stoker, patented in 1867, and 
Knapp Mechanical Stoker, MeDougalls Mechanical Stoker, and 
Holroyd-Smith’s Mechanical Stoker—all patented subsequently to 
L868. 

The last-named stoker used, instead of reciprocating horizon-| 
tal tire bars, three longitudinal troughs placed at right angles — 
with another trough across the boiler front, from which they re- 
ceived the coal. The fuel was moved towards the back of the 
furnace by double threaded screws, one in each trough. 
screws tapered from 5 to 2) inches in diameter, and revolved — 
at varying speeds, from 2 revolutions per minute upwards, as 
required, 

Somewhat similar in its operation to the Holroyd-Smith was: 
an under-feed stoker, patented by James Frisbie, in 1844. Inv 
this machine the coal was pushed up through the center of the : 
fire by means of a movable section of the grate working like a_ 7 
plunger. A number of modifications of this idea were tried, and © - 


“> 
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some thirty patents taken out, but were all abandoned on 
account of inherent difticulties.* 

In the class of mechanical stokers of which the Henderson 
stoker is an example, the coal was seattered over the fire by re-. 
volving fans or dises, or by shovels actuated by springs, which. 
were put in tension by cams on a shaft across the front ¢f the 
boiler. The other leading stokers of this type are, the Bennis, 
the Proctor, the Hodgkinson, the Barker, and the Whittaker 4 
Newton, and were all patented between L841 and 1875. 

The Henderson stoker consists primarily of two horizontal 
fans revolving on vertical spindles, which seatter the coal over 
the fire. The coal is supplied to these fans by a toothed roller 
which crushes the larger lumps, and delivers it through an open- 
ing between this roller and a plate forming the front of the 
stoker hopper. The size of this opening is regulated by ascrew, 
thereby controlling the feed of coal to the furnace. The Be nnis- 
and Proctor stokers use shovels actuated by springs and e: ong 
so arranged as to give different degrees of tension to the springs, 
and different velocities to the successive strokes or throws of | 
the shovel. The purpose of this variation in the throw of the 
shovel is to distribute the coal uniformly over the fire. The 
grate bars in the Henderson and Bennis stokers have a longitud- 
inal reciprocating motion, for the purpose of breaking up the 
clinker, and carrying it forward to the bridge. The — 
stoker accomplishes the same result in a measure, by an up-and 
down movement of the front ends of each alternate vrate bar. 
With the Bennis stoker the coal is fed to the shoveis by 
crushing roller, operating in a similar manner to the Henderson, | 
the only practical difference between these two stokers being in 
the method by which the coal is distributed over the fire. The 
Barker, and the Whittaker & Newton stokers are later modifica 
tions of the Henderson stoker, and differ but little from it. The 
Hodgkinson stoker crushes and distributes the coal over the 
fire by means of a ribbed roller in the bottom of a hopper on 
the boiler front. This roller, running at a high rate of 
speed—800 revolutions and upwards per minute—is intended to 
scatter the coal in a fine shower over the fire. The mechanical 
objections to a shaft running at this high speed on the front of a 
boiler, and in the dust of a fire-room, are self-evident. 

James Newton invented, in 1879, a stoker, by which the slack 


See The Steam Engine, Vol. 1., page 338. 
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—eoal was propelled into the furnace by a blast of heated air, 


delivered at intervals, by means of a fan. This device cannot, 
however, be strictly classed among mechanical stokers as the 
term is ordinarily accepted. 

A number of German mechanical stokers have been patented 

since the year 1850, but they are so similar in principle to the 
- English stokers already described that it is hardly worth while 
to refer to them individually. 
Although, in their progressive development, the English 
_ stokers already described were a great improvement over hand 
firing, still, from the standpoint of our present experience, they 
show faults, aside from their lack of adaptability to the types of 
; boilers most used in this country. 

These faults are, briefly : 

First.—The mechanism is either of too complicated a nature, or 
running at too high a rate of speed, to keep in order long. In 
the case of the shovel stokers, they are dependent upon springs, 
which in time lose their tension, and the nice adjustment of the | 
variable throw of the shovels fails, and as a result the coal is un-_ 
evenly piled on the grates. Even when the springs and shovels | 
are in order, a difference in size of the coal causes the dust to 
fall in one place and the lumps in another, and prevents uniform 
firing. In the case of stokers which distribute the coal by 
means of rapidly-revolving fans, dises, or druins, there are still 
more serious objections. Namely, the great wear consequent on 
running at such high speeds in coal dust and ashes, and where 
the high temperature of the bearings attached to the boiler 
front often precludes lubrication. Secondly, the continuous 
rain of fine coal, seeking the lowest level, falls into the air holes 
in the fire, and impedes the draft ; while the larger and heavier 
pieces pile up atthe front of the grate. Thirdly, the fan-like draft 
drives great quantities of dust and ashes into the tubes, thereby 
impeding the flow of gases, and reducing the efficiency of the 
boilers. 

Second.—The grates are usually so placed as to be almost 
inaccessible, either for examining the condition of the fire, or 
slicing it, or for renewing worn-out parts when necessary. 
Being horizontal, the fire cannot be stirred from beneath, and 
the bars once in place, the grate openings cannot be changed 
according as the coal is coarse or fine, nor can the air supply be 
varied to suit different grades of coal. The mechanism of the 
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grates and feeding devices is, in most cases, complicated and 
expensive to install and to keep in repair, especially where the 
machinery is moving in the fire. This complication is especially 
objectionable, considering the nature of the service and the place 
the stokers have to work in, as well as the character of labor 
usually employed in the fire-room. The simplest and most 
durable stoker which can be designed will receive hard usage 
in thehands of the average fireman. 

After 1873 there were no further important improvements in 
mechanical stokers until 1878, when the Murphy Patent Furnace 
was brought out in this country by Thomas Murphy, of Detroit. 
Mich. This furnace, which he further improved upon in Issl 
by the addition of a small engine for operating it, was the first 
distinctively American stoker, and is worthy of note on account of 
its differing so radically from the English types of internal-tiring 
stokers, and because of its being adapted only to externally-fired 
boilers. The Murphy stoker consists of two coal magazines 
placed in the side walls of the boiler furnace, and extending 
back from the boiler front 6 or 7 feet. In the bottom of these 
magazines are rectangular iron boxes, which are moved from 
side to side by means of a rack and pinion, and serve to push 
the coal upon the grates, which incline at an angle of about 35 
from the inner edge of the coal magazines, forming a V-shaped 
receptacle for the burning coal. The grates are composed of 
narrow parallel bars, so arranged that each alternate bar lifts 
about an inch at the lower end, while at the bottom of the V, 
and filling the space between the ends of the grate bars, is placed 
a cast-iron toothed bar, arranged to be turned by a crank. The 
purpose of this bar is to grind the clinker coming in contact 
with it. Any large pieces of clinker and cinder which the teeth 
will not reach are beaten down by a poker through a door in 
the front opposite the middle of the furnace, or hauled out on 
the floor in front of the boiler by means of hooks, and quenched 
with water. This door is also used when slicing the fire to keep 
the grate open, and in stirring and raking the coal when it fails 
to move down the grates, on account of burning up too closely 
to the magazines, or because of an accumulation of clinker in the 
V-shaped receptacle. Over this receptacle is sprung a fire-brick 
arch with each foot resting on one of the cast-iron coal maga- 
zines. This arch extends back under the boiler about one-third 
its length, and by thus preventing the hot gases from striking 
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the shell, a practically smokeless combustion is obtained, except 
at such times when it is necessary to slice the fire or rake the 
coal as referred to above. A bituminous caking coal is best 
suited for this stoker, to prevent the sifting of fine coal — 
between the moving grate bars, which takes place with semi- 
bituminous and non-caking coals. 

In 1885 the Brightman Mechanical Stoker was patented by Mr. 
J. A. Brightman, of Cleveland, Ohio; and the same year the 
Roney Mechanical Stoker was brought out by the author of this’ 
paper, after a series of experiments extending over some five 
years. Just one hundred years after the first stoker was patented | - 
by Watt. 

These two stokers, together with the Murphy, comprised the 
three types of mechanical stokers invented and now in use in — 
this country 

The Brightman stoker differs from the Murphy in having the 
coa' magazine or hopper on the front of the boiler, and in the 
form of the grate, which inclines from the inner edge of the coal 
hopper to the back part of the furnace at an angle of 34. The 
grate is composed of parallel bars extending lengthwise the — 
furnace, with projecting overlapping shelves, and each alternate 
bar having a reciprocating swinging motion for the purpose of 
moving the fuel down the grate. The coal is fed into the furnace 
by a plunger working in the bottom of the hopper, and when 
necessary the motion of the bars is supplemented by pushing 
the fuel down the grate by a poker through an opening provided 
in the hopper. The ash and clinker is drawn into the ash pit 
by means of a hook through an opening in the lower part of the 
grate, the larger masses of clinker being first broken up with a 
slice bar. The Brightman stoker possesses some advantages 
over the Murphy in having a simpler construction, but the 
long fire brick arch over the furnace enables the Murphy to 
maintain « more intense heat, and consequently is more nearly 
smokeless. 

Before describing the other American stoker referred to above — 
it may be interesting to consider briefly the principles of com- 
bustion, 2nd the important part which mechanical stoking plays— 


in producing the conditions necessary for the most economical | 


combustion of coal. 


The combustible elements of fuel are hydrogen, carbon, and © 
sulphur. When coal is burned the oxygen of the air combines: 
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with the combustible matter, and the nitrogen, being neutral, 
merely serves to dilute the resultant heat. The products otf this 
combustion are carbonic acid, water or steam, sulphurous acid, 
and nitrogen; and the quantity of heat evolved depends upon the 
proportions in which the combustible elements exist in the coal, 
and upon the completeness of the combustion. 

To secure complete combustion the first condition necessary 
is a sufficient quantity of air ; second, that the air and fuel, both 
gaseous and solid, shall be thoroughly mixed ; and third, that 
the air and the combustible gases shal! be maintained at a_ 
sufficiently high temperature—the higher the better for good 
combustion. Incomplete combustion, and consequently loss of - 
heat, may result from the failure of any of these three con-_ 
ditions. 


Generally speaking, a ton of good bituminous coal requires for 


complete combustion about 314,000 eubic feet of air, or 140 
cubic feet per pound of coal. If the supply of air is too great, 
loss results from the increased weight of heated gases sent 
up thie chimney, as well as from the cooling effect upon the 
boiler. If, on the other hand, the supply of air is insufficient, 
a much greater loss in heat results, due to incomplete combustion. 

One pound of carbon with 11.6 lbs. of air, which is the exact 
quantity required for perfect combustion, will develop 14,500 B. 
T. U., producing a temperature of 4877 above initial tempera- 
ture of 62° Fahr., the product being carbonic acid. But 1 Ib. of 
earbon with half this weight of air will produce an invisible 
gas, carbonic oxide, developing 4452 B. T. U., and producing a 
temperature of about 2700) Fahr., assuming the specific heat of 
the gaseous products of combustion to be ..5 PB. T.U. One pound 
of hydrogen with 34.8 lbs. of air, which contains the oxygen nec- 
essary for its combustion, the product being steam, will develop 
62,000 B. T. U., resulting in a temperature of 5741 , above 62 
Fahr.; but in consequence of the greater weight of products, 
the evaporative power of each pound of hydrogen is four times 
that of 1 Ib. of carbon. 

Assuming average good bituminous coal to contain— 


Carbon Hydrogen Oxygen Nitrogen Sulphur Ash 
80 5 8 12 1.25 4 


which is very nearly the actual composition of Virginia Poca- 
hontas coal. If then, instead of 314,000 cubie feet of air neces- 
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sary to consume perfectly one ton of good bituminous coal, we 
supply only 235,000, one-half of the carbon will only be burned 
carbonie oxide, and instead of developing 14,70) Bo OT. U, 
per pound of coal, there will be but 10,680 B.'T. U., a loss of 

27.3 in efficiency, although the same weight of fuel will be 
consumed. The evaporative power of the coal being taken at 
wb lbs. and 4.09 Ibs. deducted for this cause, the efficiency will 
be only 10.91 Ibs. If from this we deduct the heat lost in the 
chimney, by radiation and absorbed by brickwork, ete., we have 

leit 9 to 10 Ibs. of evaporation from and at 212, which is about 
that obtain d in veneral practice. 

That the air and gases should be thoroughly mixed is almost 
as Important a condition for complete combustion as that there 
be a sufficient quantity of air present in the furnace. This fact is 
~so well known that it is only necessary to mention it. The often- 
_referred-to argand burner is probably the best known example 
of the beneficial effect of a thorough mixing of air with the gases 
of combustion. The very simple experiment of closing the small 

perforations around the wick and admitting the same quantity 
of air through one or two large openings, readily demonstrates 
the importance of this condition, and also shows that an excess 
of air is more easily prevented when the air and gases are brought 
together in such a manner that they are thoroughly mixed. Or 
if the exact quantity of air which is supplied to a coal fire in a 
given iime through the perforations in the grate could be passed 
~ through a single large opening in the same length of time, the 
efficiency of the combustion would be reduced over one-half, due 
to the gases escaping up the chimney only partially consumed. 
This is what happens every time the fireman opens the furna e 
door to supply fresh fuel or clean the grates, to say nothing of 
the great volume of cold air which, rushing in, lowers the tem- 
perature of furnace and boiler. 

From the results of careful observations it has been shown 
that in addition to the usual large surplus of air in the furnace, — 
fully 38° excess of air over that required for combustion en- 
ters the furnace during the time the fire-door is opened for 
firing and cleaning. The effect of such an inrush of cold air | 
over the flame is to lower the temperature of the gases below 
the point at which combustion takes place, viz., 1000, when 
any unburned gases will pass into the flues and up the chimney, - 
invisible but lost, exactly as if, should one gas-tap be turned on 
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ot five used to light a room, 20 of the light would. 
be lost. This loss is unavoidable where boilers are tired by 
hand. 

The third condition, namely, that of maintaining the air and 
gases at a sufficiently high temperature, is fully as important 
as either of the other two, and exists only when they are in- 
sured. Excessive or insufficient air supply or an imperfect: 
mixing of the air and gases result at once in lowering the tem- 
perature of the furnace, and reducing the efficieney of the combus- 
tion 27.3% or even 50.07, as already shown. This is the logical and 
natural result of the irregularity of average hand-firing. Even 
an expert fireman can only partially prevent this loss, for the 
reason that the scattering of a quantity of fresh coal over the tire 
results in such a sudden outburst of gas that it is impossible to 
supply the requisite air at a proper temperature and in the right 
way. 


In hand-firing, the coal being charged every quarter of an hour, 
heat is absorbed in the process of converting the solid fuel 
into gas. As a result the temperature in the furnace falls’ 
about 1500 , while, as a requisite supply of air cannot be had at, 


a temperature of 1000 , or in small streams, the gas is only par- 

tially utilized until after five or ten minutes, when the tempera-_ 
ture rises to its highest point, and then gradually falls till the fire 
is raked or the firing repeated. These operations, involving | 
variations of temperature exceeding 1500, with consequent ex-- 
pansion and contraction of boiler-plates, not only result in a loss— 
of economy, but prevent the boiler from “living out half its days.” 
A good boiler properly set and used in a rational way ought to: 
work at 100 Ibs. for 15 to 20 years as a minimum. The great 
number of boilers that reach the serap-heap long before this 
time, not to mention those that go skyward by those “ mysteri- 
ous explosions,” all emphasize the moral I would here draw, 

viz.: that average hand-firing is wasteful of fuel and destructive to 

boilers. 

A physician’s task is but half done when he has diagnosed a 
disease ; he must provide the remedy. We would therefore 
look to mechanical stoking for the eure for the waste and_ 
destruction wrought by the average fireman. 

There is at present a rapidly growing sentiment among Ameri- 
can engineers in favor of mechanical stoking, as they come to 
understand better its advantages, and as competition in manu- 
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facturing demands greater economy in the production of power. 


Until quite recently the boiler-room has been too much neglected 
in the effort to improve the engine duty. How frequently we 
find a magnificent plant of engines supplied with steam from 
boilers which do not work within 25. of their possible 
economy. Too often the engineer thinks only of having suf- 
ficient steam to enable his engines to work economically, regard- 
less of how the steam is produced ; while the fireman, with his 
eye on the steam gauge, shovels in the coal, “ knowing little and 
varing less” whether he is burning 2 lbs. or 4 lbs. of coal per 
horse-power. It is all right for engine-designers to multiply 
cylinders and raise steam pressures, but we must go back of 
the throttle valve and stop the waste in the fire-room, if we 
would realize the highest economy in the production of power. 

Mechanical stoking naturally goes with improved engine 
practice. The compound engine and the mechanical stoker 
logically belong together. As boiler pressures increase, the 
character of the firing must improve to obtain the best 
results and enable high pressures to be carried safely. Not 
only does the fluctuating pressure seriously affect the engine 
economy, but the frequent and extreme changes in the tempera- 
ture of the furnace, which are unavoidable in hand-firing, must 
in time render high pressures unsafe. A properly constructed 
mechanical stoker meets both these requirements : by supply- 

ing the coal automatically and regularly, and by avoiding all 
opening of doors for firing or cleaning, maintains an even high 
temperature without injury to the boiler. 

In the application of stokers, a proper conception of their 
scope, benefits, and limitations should be clearly in the minds 
of all. The stoker is not a device to be applied for the purpose 

of producing fine results under bad conditions, nor a machine 
for turning the tide of a manufacturer's business from loss to 
profit. It is not a remedy for existing evils, such as too small 
boiler power, deficient draught, bad coal, and careless attend- 
ance. It is not built for the purpose of revolutionizing the pro- 
cesses of combustion, or introducing any new laws of nature. 
But give the stoker good, fair conditions as to boilers, draught, 
coal, ete., and it will give good results ; and the better the con- 
ditions, the better will be the results. 

The growing popularity of mechanical stoking is largely due 

to the fact that a good mechanical stoker not only lengthens the 
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life of the boiler, but it effects an economy in fuel and labor — 
which pays annually a good interest on its cost. Where slack 
coal is obtainable it can be burned with proportionately the 
same efficiency as screened lump when fired by hand, and at a 
material difference in cost. Through New England and the 
Eastern States bituminous slack coal is not as a rule obtainable - 
but with a mechanical stoker which will burn successfully the 
high-priced Cumberland and other semi-bituminous coal there 
used, there is substantially the same economy. In fact, the 
high price of coal is in favor of mechanical stoking, for the 
gain in economy effected by the stoker through better combus. 
tion, gives a larger return when burning $4 00 Cumberland cou! 
than with $1.00 Western slack. Moreover, Eastern conditions are 
in many respects especially favorable for obtaining good results 
with mechanical stokers. Good boilers, and usually plenty of 
them, well taken care of, and as a rule provided with ample 
chimney capacity, together with uniformly good quality of fuel, 
are conditions favoring the highest economy, both in labor and 
fuel, from the use of stokers. The increasing use throughout 
the East of semi-bituminous in place of anthracite coal for steam 
making, opens a field for mechanical stokers which did not 
exist a few yearsago. The reasons forthis change are two-fold : 
viz., a large increase in the output from bituminous coal mines, 
resulting in lower prices, and the greater efficiency of this coal 
for steaming. This latter fact is well shown by the results of 
the comparative trials made by Chief Engineer Isherwood, in 
1862, at the New York Navy Yard. These trials give the follow 
ing average results of 12 lots of anthracite, 2 of semi-bituminous, 
and 1 of bituminous coal. 


Anthracite Semi Bituminous 
Coals. Bituminous Coals. 
Coals 
12.75 Ibs 10.95 Ibs. 12.43 Ibs 
b. of coal 8.00 Ibs. 10.14 lbs. 9.31 Ibs 


combustible. . 10.68 Ibs. 11.41 Ibs 10.70 Ibs 
Gain in evaporation over anthracites 13.93% 


— The analysis of these coals gave, excluding ash and water : 


Carbon Hydrogen Oxygen 
93.897 B.55¢ 2.56 


92.377 5.074 2.66% 
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The objection to the use of bituminous coal in cities, on 
account of smoke, is entirely removed by a good mechanical 
stoker, and the additional economy of smokeless combustion 
obtained. The results of a large number of tests at Newcastle- 


upon-Tyne, showed that, when dense smoke was produced, the 


evaporative efficiency was but 9.19 lbs. per pound of coal, as 
against 11.05 lbs., when smoke was entirely prevented, a dif- 
ference of 17¢ in favor of smokelessness. 

In addition to the saving in fuel, a properly constructed me- 
chanical stoker reduces the number of men required in the fire- 
room, the amount of this reduction depending upon the number 
and arrangement of the boilers. When the size of a steam plant 
reaches the point where one man can no longer handle it, then 
the stoker begins to save labor; and ordinarily, one man with 
the stoker will easily do the work of two or more, hand-firing. 
The greatest labor-saving, however, appears when a_ boiler 
plant is large enough to warrant the use of coal and ash hand- 
ling machinery, in connection with mechanical stokers. Proba- 
bly the best and most complete illustration of what it is possible 
to accomplish in the reduction of labor by means of stokers and 
eoal and ash machinery, is the well-known steam plant at Claus 
Spreckels’ sugar refinery, Philadelphia, Pa. Here, four firemen 
on each turn take the entire care of a battery of Babcock & 
Wileox boilers, equipped with Roney mechanical stokers, that 
are regularly developing an average capacity of 8000 H.P. ;— 
and do it with less effort than 16 men would exert firing a simi- 
lar battery by hand. One man is sufficient to remove the ash 
produced during the entire 24hours. This plant is developing an 
average economy of over 11 Ibs. of water from and at 212° Fahr. 
per pound of George’s Creek semi-bituminous coal ; which, con- 
sidering the size of the plant, and the great irregularity in the 
steam consumption, incident to the business, must be regarded 
as gor ud work. 

In considering the subject of mechanical stoking, the question 
naturally arises: How should a stoker be constructed, to meet 
all the varied conditions, or in other words, what should be the 
characteristies of the ideal stoker? [ would answer : 

It should combine simplicity of construction and operation 
with efficiency, smokelessness, mechanical durability, and large 
capacity, when necessary. It should work automatically, sup- 
plying the coal to the furnace as fast as may be required, and 
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maintaining a uniform fire on the grate. It should be so con- 
structed as to permit free passage through the grates of a large 
amount of air when required, and this should be accomplished 
without the aid of a sliee-bar It should be so constructed as 
to make possible the easy application of a system of coal and 
ash handling machinery, for the further reduction of labor. — It 
should discharge the ash and clinker quickly and easily, and 
without the admission of cold air to the furnace. It should be 
so constructed that the coal magazines and all the mechanism 
for feeding the coal shall be entirely outside the furnace, and 
where they will be unaffected by the intense heat. It should be 
capable of burning successfully all grades of bituminous, semi- 


bituminous, and lignite coals. The grate should be easily 


accessible from above and below, and SO arranged that every 
part can be seen at all times, and the condition of the fire upon 
the grate ascertained without opening the firing doors. It 
should be so constructed that repairs can be reduced to a mini- 
mum, and worn-out parts be replaced without disturbing the 
remainder. It mus: be so simple as to be within comprehen 
sion of the most ordinary mind, and yet at the same time, in 
reality, compete with the work of a skilled hand-tireman, and 
do it with the accuracy of a machine, which will never ‘get 
tired ” and never “ strike.” 

It was with some such ideal stoker in mind, and with a con- 
viction that this ideal had not yet been realized, that the author 
of this paper undertook some years ago to design a mechanical 
stoker adapted to the types of boilers and kinds of coal most 
generally used in this country. How well he succeeded, I will 
not say, but will leave it to the verdict of that large and intelli- 
vent ly nly of engineers, who, by precept and practice, have done 
so much to encourage the development and use of mechanical 
stokers in this country. 

A brief description of the construction and operation of this 
stoker may be of interest to those who have never had an op- 
portunity to see one in operation. 

The Roney Mechanical Stoker is a simple apparatus, which, 
when attached to steam boilers, receives the fuel in bulk, and 
thereafter, without further handling, feeds it continuously, and 
at any desired rate, to the furnace ; burns the combustible por- 
tion, and deposits the ash and cinder in the ash pit, ready for 
removal. 
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The fuel to be burned is dumped into a hopper on the — 


boiler front. In small plants it may be shoveled in by wlll 


In large plants it is usually handled, direct from the car to the 
hopper, by elevators and conveyors. Set in the lower part of 
the hopper is a “ pusher” (see Figs. 271, 272, and 273), to which 
is attached, by a flexible connection, the “feed plate” forming 
the bottom of the hopper. The “ pusher,” by a vibratory mo- 


tion, carrying with it the “ feed plate,” gradually forces the fuel 
over the “dead plate” and on the grate. The grate consists of 
horizontal, flat-surfaced bars, reaching from side to side of the fur- 
nace, carried on inclined side bearers, extending from the throat 
f the hopper to the rear and bottom of the ash pit. The grate- 
bars, therefore, in their normal condition form a series of steps, 
to the top step of which coal is fed from the “dead plate.” 
These steps atthe inclination given would, however, prevent the 
free descent of the coal. But each bar rests in a coneave seat 
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in the bearer, and is capable of a rocking motion through an ad 
justable angle. All the grate-bars are coupled together bys. 
“rocker bar,” the notches of which engage with a lug on the 
lower rib of each grate-bar, pin connections being made with 


two of the yvrate-bars only, for the purpose of holding the. 


Stepped Position. Details of Feed and Grate Movement 


“rocker bar” in position. A variable back-and-forth motion 


being given to the “rocker bar,” through a connecting rod, |) 
a device to be hereafter described, the grate-bars necessari|\ 


rock in unison, now forming a series of steps (see Fig. 273), an 


now approximating to an inclined plane, with the grates part!) 
overlapping like shingles on a roof. See Fig. 272.) 

This variable, shutter-like movement furnishes a simple meas 
of regulating the quantity of air passing through the grate, 
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according to the amount of coal to be burned to supply the 
demand for steam. The depending webs of the grate-bars are 
perforated with longitudinal slots, so placed that the condition 
of the fire can be easily seen at all times, and free access had to 
all parts of the grate to assist, when necessary, the removal of 
clinker; thus avoiding all opening of doors into the furnace. 
These slots also serve an important purpose in furnishing an 
abundant supply of air for combustion. The sectional-perspec- 


Fic. 274. 


Detail of Dumping Grate. Shaded outline shows position of Grate when dropped. 


tive cut, Fig. 271, illustrates clearly the form of the grate and 
the advantages of this construction. 

Assuming the grate to be covered by a bed of coal, and fresh 
fuel being fed in at the top, it is obvious that when the grate- 
bars rock forward the fire will tend to work down in a 
body. But before the coal can move too far the bars rock 
back to the stepped position, checking the downward motion, 
breaking up the cake thoroughly over the whole surface, and 
admitting a free volume of air through the fire. The rocking 
motion is slow, being from 7 to 10 strokes per minute, according 
to the kind of coal. This alternate starting and checking motion 


ggg 
Sy 
j 


940 MECHANICAL STOKERS. 
being continuous, keeps the fire constantly stirred — broken 


* from underneath, and finally lands the cinder and ash on the 
“dumping grate” below. By releasing the “ dumping rod,” the 
“dumping grate ” tilts forward (see Fig. 274), throwing the cinder 

into the ash pit, after which it is again closed ready for further op- 
eration.. The “dumping grate” is made in two parts, so that each 
half can be dumped separately. The operation of the stoker, 
therefore, consists of a slow but continuous feed, a constant 
stirring of the fire, and an automatic rejection of the cinder, all 
performed without the opening of fire doors. 

For the purpose of facilitating the smokeless combustion of the 
coal, provision is made for supplying heated air to the furnace. 
When the stoker is erected an air-space is left between the fire- 
brick lining and the red brick wall of the furnace. Air is ad. 
mitted to this space through openings in the stoker front, and, 
after becoming highly heated, is discharged into a_ hollow 
brick chamber immediately over the throat of the hopper, 
whence it issues through small perforations to mingle with 
the gas from the fresh fuel. A coking arch of fire-brick is 
sprung across the front of the furnace, covering a part or all 
the grate, according to the kind of boiler to which it is applied. 
This arch forms a reverberatory furnace whose action is to 
thoroughly coke the fresh fuel and release its gases before igni- 
tion. In fact, that portion of the furnace under the arch may be 
likened to a gas producer, from the throat of which issues a 
huge volume of heated gas, already partially mingled with the 
heated air from the side flues, to be quickly burned in the large 
combustion chamber by contact with the incandescent body of 
coke on the lower portion of the grates. 

Not the least important element in the smokeless combustion 
is the steady supply of the coal in small but continuous quantity 
on to the coldest portion of the grate, where, after coking, it is 
steadily carried down to the hottest portion of the fire at the 
bottom and finally consumed. 

The actuating mechanism of the stokeris simple. All motion 
is taken from one driving shaft. In a single stoker this shaft is 
driven from a small engine attached to the stoker front and con- 
suming a hardly measurable fraction of a horse-power. In large 
batteries of boilers, the driving shaft is extended across all the 
boiler fronts, delivering power to each stoker, and is driven by 
a small independent engine. The largest stoker can easily be 
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turned over by the hand, indicating the nominal power con- 
sumed, The driving shaft carries a dise and wrist-pin or a crank, 
from which a link couples to the “agitator” (see Figs. 272 and 
273). Through the eye of the “agitator” passes a stud screwed 
into the ‘‘ pusher,” on which stud is a “ feed-wheel” by which the 
stroke of the “ pusher,” and consequently the amount of feed, is 
regulated. The “agitator” having a fixed stroke, it is apparent 
that if the “feed-wheel” is run down against it in the position 
shown in Figs. 272 and 273, the “ pusher” will be given its full 
traverse and the greatest feed. If run back to clear the travel 
of the “agitator,” the “ pusher” will of course have no motion, 
and the feed will stop. Between these extremes any desired 
rate of feed can be given. In like manner, the rock of the 
grate-bars can be adjusted between any limiting angles, and over 
a range of motion from no movement to full throw, by means of 
the “sheath nut” and “lock nuts” on the “ connecting rod,” and 
the amount of stirring which the fire receives regulated according 
to the demand for steam. By these two simple adjustments, 
within the comprehension of the ordinary fireman, the whole 
action of the stoker is controlled, and the fires forced, checked, 
or banked at will. There are small doors in the front on each 
side of the hopper, giving access to the furnace above the 
grate when necessary. 

Tlie stoker is strong and well built, having in view the con- 
ditigns of its operation and the usual nature of its attendance. 
There are few pin connections or finished parts. The strains are 
exceedingly light, and the motion is so slow as to be hardly per- 
ceptible to the casual observer. Any single grate-bar can be 
picked out and replaced even easier than in the ordinary flat 
grate; and in case it is necessary, the lower bar, where the 
greatest wear takes place, can be replaced without cooling down 
the furnace, thus avoiding loss of time and fuel. 

The following table gives the results of six tests made for the 
purpose of ascertaining the comparative capacity and economy 
of horizontal return tubular boilers when fired by hand and by 
mechanical stoker. The conditions were as far as possible 
identical on all six tests, except that the first two extended over 
two weeks, while the remaining four were of one week duration 
each; and also that 4 boilers were used on the first test, 3 on 


the second, and 1 boiler on each of the four succeeding tests. 


In each test the boilers started cold Monday morning, and 
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the fires were banked each night except Saturday. The record 
shows the total consumption of coal and water for the entire 
time in each case. Coal and water were weighed, and temper 
ature of feed and steam pressure recorded each hour. 


RECORD OF SIX TESTS TO DETERMINE THE COMPARATIVE ECON 
OMY OF THE RONEY MECHANICAL STOKER AND HAND FIRING 
ON H. R. T. BOILERS, 60 INS. x 20 FT., BURNING CUMBERLAND 
COAL WITH NATURAL DRAFT, RATING OF BOILER AT 12.5 Sq. 
FT.— 105 H. P. 


Note.—The same man fired on all six tests. First three tests, hand fired; last three tests, stoker 


Total Coal, |. Evaporat'n Evaporat'n HP 

Duration Tempt.of Steam | plus Wood ‘Total Water per Ib. dry per |b. Dry Developed 

of Test. FeedWater. Pressure. Evaporated Coal. Coal from oy “tore 
at 40%. Above Rating 

Hours. Degs. Fahr., Lbs. Lbs Lbs. Actual, and at 212°. o¢ Boiler 

Lbs. Lbs. 


| 
1256249 9.34 | 10.36 —5.84% 
| 


9.39 10.44 13.52% 
310966 10.02 11,00 68.00% 
288781 | 10.81 11.89 | 54.65% 
303887 | 11.06 12.25 66. 
320034 11.35 12, 


a) = 


wi - t= 


7 
132.0 143.2 104.6 135338 
64.25 152.2 66.1 3124 
65.5 145.4 63.1 2121 
146.0 68.0 20794 
145.2 65.2 29000 
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COMPARISON OF THE ECONOMY OF COMPOUND AND 
SINGLE CYLINDER CORLISS CONDENSING EN- 
GINES, EACH EXPANDING ABOUT SIXTEEN TIMES. 

445% => 


BY JACOBUS, HOBOKEN, N, J. 
te eo 


(Member of the Society.) 


THE engines used in obtaining comparative results are located 
at Stations L. and IL. of the Pawtucket Water Co. The results 
for the compound engine at Station I. have been abstracted from 
papers already presented to the Society,t so that the present 
paper is limited to tests made on the single cylinder engine at 
Station IL., and to a comparison of the results with those al- 
ready obtained on the compound engine. 

The engines are very well adapted for obtaining comparative 
results, as they develop the same power and expand the steam 
about the same number of times. 

The tests show that the compound engine is about 30% more 
economical than the single cylinder engine. The dimensions 
of the two engines are as follows: 

Single. Compound, 
Stroke 30 
Diameter of Piston Rod in Inches. ‘ 


Both of the engines are steam-jacketed, practically on the bar- 
rels only, with steam at full boiler pressure. 

A mean of two tests is taken for the compound engine, and a 
test made November 4, for the single cylinder engine. A com- 
parison of the results obtained is as follows : 


* Presented at the Providence meeting (1891) of the American Society of 
Mechanical Engineers, and forming part of Vol. XII. of the Transactions. 

+ Transactions of American Society of Mechanical Engineers, Vol, X1., pp, 328 
and 1088, 
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Single Compound 


Total Horse Power. 
Revolutions per minute 
Ratios of Expansion with Initial Steam Pressure of 12 


Pressure of Steain in lbs. above Atmosphere 
Number of Degrees that Steam is Superheated 
Vacuum in Inches of Mercury 


The steam pressure in the case of the compound engine is 
21 lbs. higher than for the single engine. If the steam pressure 
be raised this amount in the case of the single engine, and the 
card be increased as represented by the shaded areas in Fig. 275, 
the consumption for the single cylinder engine would be 19.97 


Average Indicator Cards for Test Made Nov. 4 th. 


« Scale 80 !bs.per Inch. 


> 


Ibs. per hour per horse-power. This figure, which is used i 
obtaining the 30¢ difference in economy, is probably slightly om 
small, for on increasing the range of pressures in the cylinder 
we would increase the initial condensation, whereas this is not 
allowed for in the calculation. The correct figure must, there- 


Fig. 275. 


15 | 154 
2068 127.5 
/ | | 
tant 
| 
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fore, be between 19.97 and 20.35 lbs. per hour per horse power, 
or the entire difference involved is only .38 lbs. The error in 
the correction applied is only a fractional part of this difference, 
and is therefore so small that it may be disregarded. The ratio — 
of expansion given in the table for the cards taken from the 
single cylinder engine is measured from the point in the prolong- 
ation of the expansion line at 127 Ibs. pressure, so as to be com- 
parable with the figure given for the compound engine. 
The detailed results of the tests are given in Table I. Tables 


Average Indicator Cards for Test Made Nov, 5 th, — 
Scale 80 Ibs. per Inch. 


Fig. 


Tf. and ITI. contain the data observed, and Table IV. the mean 
effective pressures obtained from the indicator cards. Figs. 
275 and 276 show the average cards taken during the two tests. od 
These figures make no allowance for the fact that, while the _ 
clearance of the single engine is about 77, that of the compound © 
engine is roughly equivalent to only 1% reduced to the basis of. 
its total range of expansion taking place in the low cylinder. 
The small range of superheating available with the boilers — 
(about 30°) is liable to be almost entirely destroyed by small | 
changes in the water-level, or in boiler pressure, or of chimney 


6 
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temperature, for instance, with a constant chimney temperature, 
an increase of boiler pressure from 90 to 105 lbs. may reduce 


the superheating from 20° to 5°, simply because the amount 
of steam generated is the same in both cases, but the higher 
temperature of the steam prevents as much heat being ab- 
stracted from the chimney gases by the outgoing steam. 


> 


TABLE I. 

Jul 

Test oF STEAM CONSUMPTION OF TIE SINGLE CYLINDER PAWTUCKET PUMPING 
ENGINE. BORE O¥ STEAM CYLINDER, 20°; STROKE, 48°; DIAMETER OF 
Rop, 3". 


Date of test 


Duration of test in hours 


AVERAGE PRESSURES. 
Boiler in Ibs. per sq. inch above atmosphere 
Vacuum in inches of Mercury .. 

Suction in feet 


AVERAGE TEMPERATURE IN DeEGs. 


Steam in pipe 2 feet from steam chest... 
Of saturated steam at boiler pressure 
Degrees of superheating 


MEAN EFFECTIVE PRESSURE IN STEAM CYL. 


CALCULATED QUANTITIES, 


Revolutions per minute 

Total horse-power 

Steam used per hour 

Steam per hour per horse-power 


aw! 
& 


> 
| 
104.5 
27.65 
13.77 13.62 
29.85 29.70 
| 
..| 847.8 364.7 
341.8 840 6 
5 5 23.9 
‘ Head end cards... 27.53 22.69 
| 71.818 71.895 
anf? 
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ery 
we TABLE IV. 


MEAN EFFECTIVE PRESSURES FROM INDICATOR CAKDS, 
Test Made November 4, 1800 Test made November 5, 1800. 


Mean Effective Pressure in Mean Effective Pressure in 


Time Lbs, per Sq. Inch Lbs, per Sq. Inch. 


Head End Crank A.} Head End Crank End, 


26.1 
24. 
24 


on 


24. 
23. 
24.! 


25.3 


- 


25. 
23 


23. 


pa ag 
ore 


38 
) 5 
0 
3 6 
9 
2.5 


Sum 85.- : Sam. ... 


Average .. Oe Average .... 


ADDED IN PRESENTATION. 


At the time of preparing this paper there had been no oppor- 
tunity offered to measure correctly the clearance of the engine, 
and for this reason all deductions depending on the clearance 
were omitted from the test. This portion of the work is now 
complete. The clearance of the engine was determined with 
accuracy to be 7.65%. Making use of this figure, the ratio of 
expansion for the test made November 5 is the same as for 
the compound. 

We deduce for this test : 


Water per hour per horse-power, { Near cut-off...............0565 . 13.38 Tbs. 
calculated from indicator cards. / Near release........ ... 15 


A.M 
9.50 27.3 11.45 22.5 
10.10 27.9 11.45 7 22.4 4 
10.43 27.1 
11.00 27.2 
11.30 283.5 
11.42 27.1 
11.47 | 28.5 
P.M | 
| 
379.0 354.4 
22.15 
4 
{ 
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Water not accounted for by indi- ( Near cut-off 
eator UNear release 


The similar quantities for the compound engine are : 


Water per hour per horse-power, Near cutoff) High press. eyl..... 9.86 Ibs, 
calculated from indicator cards, ) Near release. Low prees, cyl..... 0.76 * 

Water not accounted for by indi- | Near cut-off. High press, 28.29, 
cator Near release. High pross, cyl 28.09. 


The indicator cards of the second test made on the same 
engine are compared with the combined diagram of the com- 


pound in Fig. 3%4. 


a 


Indicator Cards of Single and Compound Engines, having 
9 the Same Ratios of Expansion 


ver 


«4 


804 Pawtucket Pumping Engines, Nos, land 2 
Clearance of Compound Engine | Low Pressure Cylinder, 8.7%. 


(Clearance of Single Engine, 


engine, 18.73 Iba, 
Steam per hour per horse power Sing Engine 


ABSOLUTE ZERO LIN F 1a. B34. 


The loss due to clearance is seen to be much greater for the 
the single than for the compound. 

If the clearance of the single engine was 3%, then we would 
gain the shaded area represented in the figure ; and, provided the 
_ effect of condensation remained the same, the steam per hour 
per horse-power would be reduced to 16.7 Ibs. This illustrates 
one of the advantages of the compound engine over the single, 
for, although the clearance of the high-pressure cylinder of the 
compound is 4%, the corresponding loss of area, as represented 

on the diagram, is only about one-third that for a single cylinder 


engine having clearance. 
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DISCUSSION, 


Prof. R /1. Thurston. This is the first com parison of engines 
of the two forms, doing substantially the same work, side by 
side, and under substantially the same external conditions, which 
I have met with, and | would like to thank Prof. Jacobus - 
What he has given, and express a desire for more. The engines — 
both give exceptionally good results, and the comparison is a 
fair one, barring two points the speed of the simple engine is- 
40% higher than that of the compound, and its steam pressure is — 
25 Ibs. lower. Were the latter speeded up to equal velocity with — 
the former it would presumably somewhat increase its efficiency — 

an efficiency already remarkably high. On the other hand, 
were the same steam pressure adopted, it would probably pro-— 
duce an opposite effect on their comparative efficiency. It is” 
difficult to form an idea of the exact relative values of the two 
styles of engine, even with the results here given before us. Lf 
Prof. Jacobus can find an opportunity and time to trace the 
heat-flow in these engines from boiler to condenser, as is done 


by Prof. Peabody and Mr. Bird in their papers, and give us: 


the measures of initial dryness of steam in the ee 


the initial condensation, the gain and loss of heat by the cylinder 
surfaces, and the effect of the jackets, he will add very greatly 
to our obligations. It is easily seen from the cards shown that 
there is, even now, in the simple engine, some considerable 
initial condensation, which reveals itself in the later re-evapora- 
tion and change of the expansion line, which rises well above 
the hyperbolic curve. The simple engine suffers in this com- 
parison by its high percentage of clearance, and both would, I 
imagine, do still better were it practicable to give them large 
compression. 

Prof. Cecil 11. Peabody.—I have been much interested in this 
paper. For some time I have been studying engine tests, and 
especially comparative engine tests, and it has been my experi- 
ence that it requires the greatest care to compare engine tests 
in such a way as to arrive at conclusions which are of any value. 
Now, while both these engines have the same amount of expan- 
sion, taking the ordinary way of comparing expansion in com- 
pound engines, yet it appears to me that these experiments 
ought not to be compared, and that a conclusion from them 
ought not to be drawn at all. It is my opinion (and I think it 
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ean scarcely be questioned) that, if you want to compare two 
engines to find out which is the more economical, you ought to 
put each engine in the best possible condition for itself; and I 
think it is perfectly clear that the single engine is not in the 
proper condition at all; that it has about 15 expansions, when 
it really ought to have 8 or, at the most, 10. Now, a certain 
test made upon an engine of about the same size, I think in 1881, 
showed a consumption of just about the same amount of steam 
without any jacket. There is a great deal of difference of 
opinion as to how much effect a jacket will have, but if it should 
be granted that a 10% gain of economy may be obtained from a 
jacketed engine, then this engine ought to be able to do as well 
as 18 lbs. of steam per horse-power per hour. As for the addi- 
tion made by the author in drawing the diagram, that I am, in 
one sense, rather glad to see. Iam glad to see some one who 
draws a diagram of that sort, and who will tell us why he draws 
it, and what conclusion can be drawn from it, because I have 
very much questioned what is the value of a diagram after it is 
drawn. And it appears to me also a question whether it is ad 
visable to make any sort of a reduction for the consumption of 
steam engines and then compare the engines. It appears to me, 
in the first place, that the comparison of the engine as it stands 
is unfair to the simple engine ; in the second place, the compari- 
son which is made by aid of the diagram, bringing down the con- 
sumption to 16.7 lbs., is better than I have ever seen from a 
recognized test, and I should want to see it verified by something 
different from the method which has been used here. 

Mr. F. Meriam Wheeler.—From a commercial point of view T 
consider that the economy shown by this engine is quite remark- 
able. I doubt very much whether any one present could give 
many cases where simple engines have done as well. There 
are, of course, a large number of compound engines which have 
made a good showing. I only mention this because the gentle- 
man who preceded me rather gave the impression that it was 
a common thing to find simple engines doing as well as this 
particular engine. I know in New England, where so many Cor- 
liss (condensing) engines are used, that the average economy is 
much above 20 lbs.; the range is generally from 22 to 24 lbs., 
while it is a well-known fact that many compound engines built 
in the last few years have done as well as 15 lbs. and better, 
running six days in the week. 
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Prof. D. S. Jacobus.*—The main object of this paper is to com- 
pare a single with a compound engine in the special ease in 
which each expands 16 times, and to show the advantage of the 
compound engine 

This is the problem involved, as stated by the heading of the 
paper. 

The remarks made by Prof. Peabody, in regard to comparing 
the economy of the two engines, therefore, do not apply to the 
case. Of course it may be that the single engine could be run at 
a more advantageous cut-off, and this is illustrated in the two tests 
given in the paper, for the test in which the expansion is the 
greatest does not give the lowest rate of steam consumption, and 
in all probability the rate may be slightly lowered for a still 
longer cut-off. It is not the object of this paper to compare the 
It is 
simply to show the advantage of a compound over a single engine, 


best economy of a single with that of a compound engine. 
in which each has a high rate of expansion. This is the only in- 
stance, so far as we have been able to ascertain, where we could 
obtain this abnormal condition of running, as it may be called, 
in the single engine, and where the same indicated work is pro- 
duced with the same number of expansions as a compound 
engine. 

In regard to adding the shaded area indicated on the diagram : 
This method for allowing for differences in the clearance is, of 
Perhaps this fact is not brought 
out as well as it should be in the paper, but a close examination 


course, an approximate one. 


will show that it includes a discussion bearing on this point, 
where an area is added to the indicator card to correct for dif- 
ferences in the steam pressure. Reducing the clearance may 
alter the effect of the cylinder condensation, but how much this 
will amount to we do not know. The method of adding the area 
is employed simply to give a possible explanation pointing out 
where we may look to find the cause of the great difference in 
the rate of steam consumption in the compound and the single 


engine. 
and should not 


16.7 lbs. is not put down as a conclusive figure, 


be used in forming a practical comparison; it is derived simply 
to show that the effect of the clearance spaces produce a large 
portion of the gain of the compound over the single engine. 

In regard to tracing the heat through the engine, it appears to 


* Author’s Closure. 


ai 


954 COMPOUND AND SINGLE CYLINDER CORLISS CONDENSING ENGINES. 


~ me that if the initial and final per cents. of condensation, together 
_ with the form of the expansion curves, are determined by experi 
ment, and the measured quantities checked by duplicate tests, 
- further refinements are, as yet, of no definite practical value. 

The suggestion that the effect of the jackets should be meas- 
ured is, of course, a good one, but this cannot be done in the 
- single engine, because the jacket forms part of the steam-chest, 
and the steam cannot be shut off from it. 


ta 


le 


-MANGANESE-ST EF L. 


inp 


Barty MANGANESE-STEEL. 


BY HH. M. HOWE, BOSTON, MASS 
(Member of the Society.) 


CCCCLIX 


MANGANESE-STFEL is an alloy of iron and manganese, incident- 
ally, and probably unavoidably, containing a considerable pro- 
portion of carbon. 

The effect of small proportions of manganese on the hardness, 
strength, and ductility of iron is probably slight. The point at 
which manganese begins to have a predominant effect is not 
known: it may be somewhere about 2.57. As the proportion of 
manganese rises above 2.57 the strength and ductility diminish, 
while the hardness increases. This effect reaches a maximum 
with somewhere about 6/ of manganese. When the proportion 
of this element rises beyond 67 the strength and ductility both 
increase, while the hardness diminishes slightly, the maximum 
of both strength and ductility being reached with about 14% of 
manganese. With this proportion the metal is still so hard 
that it is very difficult to cut it with steel tools. As the propor- 
tion of manganese rises above 15¢ the ductility falls off abruptly, 
the strength remaining nearly constant till the manganese passes 
18%, when it in turn diminishes suddenly. 

Steel containing from 4¢ to 6.5% of manganese, even if it have but 
0.37% of carbon, is reported to be so extremely brittle that it can 
be powdered under a hand-hammer when cold; yet it is ductile 
when hot. 

We have here another of the endless cases in which the prop- 
erties of the alloy differ greatly from the mean of those of its 
components. This usually astonishes the novice, and even ex- 
perienced metallurgists are often betrayed by it into expressions 
of surprise. It is, in fact, about as surprising as the parallel 
fact that the properties of water are not the mean of those of 
oxygen and hydrogen, and that those of peroxide of hydrogen 
are not directly deducible from those of water and oxygen. 


* Presented at the Providence meeting (1891) of the Amedinn ociety of 
Mechanica! Engineers, and forming part of Vol. XI. of the Transactions 


MANGANESE-STEEL. 

Passing by such striking properties of manganese-steel as its: 
freedom from biow-holes ; the great difficulty with which it welds : 
the increase in its toughness caused by quenching from a yellow” 
heat; its electric resistance—enormous, and very constant with | 
changing temperature; its low thermal conductivity: passing 
these by, one group of qualities stands out as that which ae 


create and yet limit its value in the arts. I refer to its remark- 
able combination of great hardness, which cannot be materi- | 


ally lessened by annealing, and great tensile strength, with 
astonishing toughness and ductility ; this group, I say, must at 
once create and limit its usefulness. The very fact that man- 
ganese-steel cannot be softened, that it ever remains so wr 


that it can be machined only with great difficulty, at once sets — 
upa great barrier to its usefulness ; yet a barrier which, as we 
shall soon see, is not so insurmountable as it might at first 
appear. 

On the other hand, if, as I believe, this cheap metal has a 
much higher combination of the important properties of hard- 
ness and ductility than exists in any other known substance, 
metallic or non-metallic, we can hardly hesitate to prophesy for 
it an important and useful future, for we can hardly doubt that 
for some important purposes this combination is extremely 
desirable. This combination is illustrated by strips which have 
been bent double cold, and yet can barely be filed. 

Resistance to Abrasion.— The results given in Table Ll. were ob- 
tained by Mr. T. T. Morrell, chief chemist of the Cambria Iron 
Works, by pressing weighed pieces of manganese-steel and of 
other steel, with a constant pressure, against a rapidly revolving 
hardened steel shaft, and ascertaining the loss of weight which 
each piece underwent per thousand revolutions of this shaft. 
Here manganese-steel indeed wears faster than tempered tool 
steel; but this is not a material which enters into competition 
with manganese-steel, as it is not ductile. The difference be- 
tween the wear of manganese-steel and of that of the other steels 
tested is very great. 

TABLE I. 
ABRASION BY A REVOLVING HARDENED STEEL SHAFT, 
vv" Loss of weight of manganese-steel... 
blue-tempered hard tool steel 
annealed hard tool steel .... 
hardened Otis boiler-plate steel .... 


annealed ‘“ 


api 
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The advantage of manganese-steel is much less striking, as 
explained beyond, when it is exposed to abrasion by an intensely 
hard substance, like emery. This is shown in Table | a 


a4) TABLE IL. 


t. re ABRASION BY AN EMERY-WHEEL. 
Loss of weight of hard se-steel wheels. 


softer 
tis hardest carbon-steel wheels... . 


soft 
ve 


Hardness and Rigidity.—The hardnessof manganese-steel seems 

first to be of a peculiar nature. We class together under the 
single term “hardness” what seem to be several tolerably distinct 
properties. These, though they habitually coexist, do not neces- 
sarily. Resistance to abrasion, to indentation by a sharp object, 
and to compression, habitually go hand in hand; yet, on reflec- 
tion, we see that there is no a priori reason why they must coex- 
ist. [think that the tensile elastic limit should be closely related 
to the cohesion of the substance along the lines of least cohesion, 
or tothe minimum cohesion. The resistance to abrasion, should 
the lines of low resistance be far apart, may bear little relation 
to this minimum cohesion, but be dependent on the cohesion 
between the particles immediately exposed to abrasion and those 
next them. The tensile elastic limit and the ultimate tensile 
strength of an emery-wheel are very low; its resistance to abra- 
sion, enormous. That is because its minimum cohesion, which 
occurs between the grains of emery and their cementing matter, 
is very low, while the cohesion between the molecules of any 
one individual grain of emery is enormous. Among absolutely 
homogeneous substances, free from initial stress, the resistance 
to compression, to abrasion, and to tensile distortion should be 
proportional. It is, I take it, because many substances are 
heterogeneous, with lines of low resistance, like the joints in 
brickwork, the cleavage in crystals, the grain in wood, that these 
properties often bear so little relation to each other. 

Again, while the resistance to compression in a material which 
yields by bulging should be related to the tensile elastic limit 
—since such substances simply take set under compression, the 
particles changing their relative positions without solution of 
continuity—the resistance to abrasion should be related to the 
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Passing by such striking properties of manganese-steel as its: 
freedom from biow-holes ; the great difficulty with which it welds: 
the increase in its toughness caused by quenching from a yellow 
heat; its electric resistance—enormous, and very constant with 
changing temperature; its low thermal conductivity: passing 
these by, one group of qualities stands out as that which must | 
create and yet limit its value in the arts. I refer to its remark- 
able combination of great hardness, which cannot be materi-— 
ally lessened by annealing, and great tensile strength, with 
astonishing toughness and ductility ; this group, I say, must at 
once create and limit its usefulness. The very fact that man- 
ganese-steel cannot be softened, that it ever remains so hard 
that it can be machined only with great difficulty, at once sets — 
up a great barrier to its usefulness ; yet a barrier which, as we 
shall soon see, is not so insurmountable as it might at first 
appear. 

On the other hand, if, as I believe, this cheap metal has a 
much higher combination of the important properties of hard- 
ness and ductility than exists in any other known substance, 
metallic or non-metallic, we can hardly hesitate to prophesy for 
it an important and useful future, for we can hardly doubt that 
for some important purposes this combination is extremely 
desirable. This combination is illustrated by strips which have 
been bent double cold, and yet can barely be filed. 

Resistance to Abrasion.—The results given in Table I. were ob- 
tained by Mr. T. T. Morrell, chief chemist of the Cambria Iron 
Works, by pressing weighed pieces of manganese-steel and of 
other steel, with a constant pressure, against a rapidly revolving 
hardened steel shaft, and ascertaining the loss of weight which 
each piece underwent per thousand revolutions of this shaft. 
Here manganese-steel indeed wears faster than tempered tool 
steel; but this is not a material which enters into competition 
with manganese-steel, as it is not ductile. The difference be- 
tween the wear of manganese-steel and of that of the other steels 
tested is very great. 

TABLE I. 
ABRASION BY A REVOLVING HARDENED STEEI. SHAFT. 
Loss of weight of manganese-steel 
blue-tempered hard tool steel 
annealed hurd tool steel .... 
hardened Otis boiler-plate steel 


annealed 
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The advantage of manganese-steel is much less striking, as 
explained beyond, when it is exposed to abrasion by an intensely 
hard substance, like emery. This is shown in Table IL 7 


sal = TABLE II, 
> ied ABRASION BY AN EMERY-WHEEL, 


. 
7 Loss of weight of hard manganese-steel wheels 


softer 


Hardness and Rigidity.—The hardnessof manganese-steel seems 
at first to be of a peculiar nature. We class together under the 
single term “hardness” what seem to be several tolerably distinct 
properties. These, though they habitually coexist, do not neces- 
sarily. Resistance to abrasion, to indentation by a sharp object, 
and to compression, habitually go hand in hand; yet, on reflec- 
tion, we see that there is no a priori reason why they must coex- 
ist. I think that the tensile elastic limit should be closely related 
to the cohesion of the substance along the lines of least cohesion, 
or tothe minimum cohesion. The resistance to abrasion, should 
the lines of low resistance be far apart, may bear little relation 
to this minimum cohesion, but be dependent on the cohesion 
between the particles immediately exposed to abrasion and those 
next them. The tensile elastic limit and the ultimate tensile 
strength of an emery-wheel are very low; its resistance to abra- 
sion, enormous. That is because its minimum cohesion, which 
occurs between the grains of emery and their cementing matter, 
is very low, while the cohesion between the molecules of any 
one individual grain of emery is enormous. Among absolutely 
homogeneous substances, free from initial stress, the resistance 
to compression, to abrasion, and to tensile distortion should be 
proportional. It is, 1 take it, because many substances are 
heterogeneous, with lines of low resistance, like the joints in 
brickwork, the cleavage in crystals, the grain in wood, that these 
properties often bear so little relation to each other. 

Again, while the resistance to compression in a material which 
yields by bulging should be related to the tensile elastic limit 
—since such substances simply take set under compression, the 
particles changing their relative positions without solution of 
continuity—the resistance to abrasion should be ensued to the 
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ultimate tensile strength, since each is measured by the force 
needed to break continuity by tearing particle from particle. 
This foree, at the plane where any two particles are torn apart, 
is in either case a pull; ie., tensile. 

The resistance to abrasion, moreover, should be related to the 
coefficient of friction of the metal; or, regarding the surface of | 
the metal as like a brush or the surface of a file, the abrasion 
and the coefficient of friction should depend on the depth to 
which the teeth of the abrading file fit between those which it 
is to abrade, and the mode of distribution of the teeth of the 
two files which are abrading each other. 

Be this as it may, the hardness of manganese-steel seems to 
be of an anomalous kind. The alloy is hard, but under some 
conditions not rigid. It is very hard in its resistance to abra- 
sion ; it is not always hard in its resistance to impact. Ido not. 
recall a case in which it has not shown itself very hard when 
exposed merely to abrasion, yet there are cases in which it has 
not shown itself hard under repeated i impact. 

Ido not refer to the mere fact that it can be indented by a 
sharp blow: this power of enduring distortion is almost a neces-_ 
sary consequence of its great ductility. I refer to its behavior 
under conditions like those of a hammer-head or stamp-shoe. 
As amaterial for stamp-shoes, for horseshoes, for the knuckles of 
an automatic car-coupler, manganese-steel has not met our ex- 
pectations. When we remember how many of us have been study- 
ing carbon-steel these long years, and how ignorant we must yet | 
confess ourselves concerning even some of its prominent charac- 
teristics, there is little wonder if, in speaking of so little studied | 
a material as manganese-steel, I must admit that its rigidity in 
certain cases, its pliancy in others, is puzzling. 

Armor-plates.—The armor-plates which I will soon describe — 
give an instance of apparently great rigidity under shock ; but it. 
is probable that the reason why the manganese-steel armor- 
plates did not crack while the steel one did, is that the manga- 
nese-steel can undergo such great distortion without failure of 
continuity. For, though the plates as a whole are but little dis- 
torted, the metal immediately about the holes must have been 
distorted greatly, yet but trifling cracks appear. 

Car-axles.—Another instance of rigidity under shock is that of 
a manganese-steel car-axle tested by Hadfield, in comparison 
with a special carbon-steel axle. Each was struck repeatedly 
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by a 20.75-ewt. ram, while resting on supports three feet apart, 
and each was reversed after every blow, in the usual way. The 
manganese-steel axle received, up to the time of breaking, blows 
representing 43% more energy than those received by the car- 
hon-steel axle; yet the total deflection of the manganese-steel 


axle was very much Jess than that of its competitor. 
wel 


TABLE III. 


TESTS OF MANGANESE- AND OF CARBON-STEEL AXLES.*—IIADFIELD. 


Sum of Permanent Deflections or Bends in 
Inches produced on- 
Effect produced by the | Energy developed 
~ Number of Blows as under. in Foot-tons. 


No. 1. No. 2. 
| Special Steel Axle.| Manganese-steel Axle. 
| 


tenth...... 208 531 66.188 19.403 
fifteenth, . 348.591 105.248 30.212 
And broken. 
twentieth 497.988 39.491 
And broken. 


| 


Car-wheels.—A case of good behavior under shock is furnished 
by a 33-inch manganese-steel car-wheel, weighing about 612 
lbs. It was dropped edgewise on a one-ton steel block, 
bedded in the ground, repeatedly, from gradually increasing 
heights, with the results given in Table IV. For comparison, 
an American chilled cast-iron wheel, made by one of our best 
makers, and also some excellent carbon-steel wheels, were tested 
in the same way. 

The total energy represented by the work done on the manga- 
nese-steel wheel was 100 foot-tons, or 18 times as much as in the 
case of the cast-iron, and twice as much as in the case of the 
carbon-steel ; and this, although the average fall of the manga- 
nese-steel wheels was four times that of the chilled cast-iron 
and nearly double that of the carbon-steel. 


| - 
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TABLE IV. 


4 
. DROP TESTS ON MANGANESE-STEEL AND OTHER CAR-WHEELS. io 
Manganese-steel Wheel. | Soft Carbon-steel Wheel. | Chilled Cast-iron Wheel. 
| 
|— — = 
No. of Drops. Height of Fall, | NO of) eight of Fall, | Height of Fall. 
; | Drops. rops. 
J H H H 
| N | 4 
Feet. | Feet. Feet 
16 1 10 1 4 
28 |} 4 It 1 6 
Rim slightly | 1 12 { 1 10 
cracked. | 1 13 Broke into six 
28 | 1 l4 pieces. 
Tread broken Cracked slightly. 
through. 7 15 
18 
Cracked about 
across the face 
of the tread. he 
Average height of drop .. 26.3 6.7 


Axes.—Again, manganese-steel axes have chopped cold iron 
bars through. Here we have great rigidity under shock. 

Yet in other cases manganese-steel has not shown the rigidity 
which those I have just described would lead us to expect. 
However, I know of none in which manganese-steel has proved — 
brittle under shock, except in early experimental work, in which 
the steel was unwisely given too much carbon, and further ex 
cepting untoughened manganese-steel castings. 

A partial explanation of the cases I have referred to, and of 
others, and an inference from them, is that manganese-steel is 
more rigid than the soft steels with which it competes in duc- 
tility, but less rigid than the hard steels which it excels in hard- 
ness. 


To sum this up, in resistance to abrasion alone, manganese- 
steel excels ‘the hard carbon-steels (when unhardened) and, « 
fortiori, the soft steels. Where both abrasion and repeated 
shocks are to be resisted, manganese-steel is certainly less liable 
to break than the hard carbon-steels ; but whether, under new 
conditions, combining shock and abrasion, it will prove as rigid 
as the carbon-steels with which it will then have to compete, 
direct experiment alone can tell. 

Hardness Evaded and Surmounted.—Having called your attention 
to the great obstacle to the use of manganese-steel, its persistent 
hardness, let me now point out how this obstacle may be evaded 
and even surmounted. 
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Special Forging Appliances. — Fortunately, manganese-steel 
forges readily at a yellow heat, though at a bright white heat it 
~ erumbles under the hammer. But it offers greater resistance 
to deformation—i.e., it is harder when hot—than carbon-steel. 
This increases the cost of forging to a certain extent, and, if very 
great reduction of cross-section is to be effected by forging, the 
increased cost may be very serious; hence it is desirable that 
the ingot or other casting which is to be forged should have, 
when cast, as nearly as possible the dimensions of the finished 
piece, so that but little forging may be needed. 
Tron, carbon-steel, and the other metals and alloys in general 
use, are readily tooled when cold. Hence we have, in general, 
tolerated forging appliances which leave the piece in a shape in 
which a considerable amount of tooling is needed. But, even for 
these metals, recent years have developed ingenious methods of 
forging even complicated pieces so closely to the needed shape 
4 as to avoid subsequent tooling, or greatly to reduce it. We have 
not only the great advances in drop-forging, but several differ- 
ent kinds of rolling machines, of the general class to which the 
— Simonds rolling machine belongs. 


Bridge-pins.—For example, it appeared that manganese-steel 


should be a valuable material for bridge-pins, since these need 
not only great shearing strength but great hardness. If they 


wear away, the play which arises is extremely injurious to the 


4 bridge. We were at once confronted with the diftic ulty of provid- 
ing threads on the ends of the pins to hold the lock-nuts. The 
difficulty had hardly arisen when it was overcome by the dis- 
covery that Mesars. Wyman & Gordon, of Worcester, had : 
machine which forges threads on round bars of any size, a 


apparently accurately enough for this purpose. 


Cold-shaping.—Turning now from this way of evading the hard- 
ness of manganese-steel by special appliances for working it 
while hot, we come to appliances for shaping it while cold, 


despite its hardness. These are, first, emery-wheels of various 
» 


kinds for cutting it; second, hardened carbon-steel rollers, dies, 
ete., which work it cold. 

Emery is so much harder than manganese-steel that it cuts it 
with great ease. Indeed, as an observer from the summit of 
lofty mountain hardly notes the little hills at its base, hate 
elevation being so trifling compared with his, so the hardness 


of emery exceeds that of manganese-steel so vqenally that, w when 


f 
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—eut by emery, the resistance of this metal to abrasion excels 
that of carbon-steel much less than when the abrasion is effected 
_by a revolving steel shaft. This is illustrated by Table IL. 

I may almost say that what the common hardened steel tool is 
to most metals the emery-wheel will be to manganese-steel. Just 
as we turn other metals in the lathe by holding a hardened steel 

tool against them while they revolve, so we may turn objects of 
-manganese-steel by mounting them in like manner, and simply 

substituting for the hardened steel tool an emery-wheel revoly- 

ing swiftly. So, too, may the stationary tool of the planer, and 
in some eases the reciprocating tool of the slotting machine, be 
replaced by the revolving emery-wheel, the piece which is to be 
planed moving past the emery-wheel, that which is to be slotted 
remaining stationary while the emery-wheel, driven by belt or 
gearing, plays up and down. 

Hardened Steel—Turning now to means of working rather than 
of abrading it when cold, a thin wire may be made to show at once 
that it is possible to work the metal cold to a very considerable 
extent. Wire has been made by drawing it through dies when 
cold in the common way. It is, however, hardly likely that 

-manganese-steel wire will be widely used, the material offers so 
much resistance in drawing, is so hard, and requires such fre- 

quent annealing. After every two draughts it must be highly 
heated and quenched in cold water. 

The great amount of cold-working which wire-drawing requires 
may be so costly as to be prohibitory, yet a smaller amount may 

cost but little. If manganese-steel could not be worked cold at 
all, it might be a serious thing. Even the most accurate meth- 
ods of hot-forging bring the metal only approximately to the size 

desired, for the following reason—the temperature at which the 
metal is forged while hot must vary considerably. As that tem- 
perature varies, so does the number of degrees through which 
the metal must pass in cooling thence to the common temper- 
ature ; and as the contraction of the metal in cooling is propor-— 
tional to the range of temperature through which it cools, so must 
the amount of contraction which the metal undergoes in cooling 
vary. So that, no matter how accurately we bring the metal to 
a given desired shape and size when hot, as we cannot regulate 
closely the temperature at which we give it that size and shape, — 
so will the size and shape which the metal has after cooling vary. 

For many purposes this variation may not be serious. But for 
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‘many others it is extremely serious, not to say prohibitory. Yet 
so slight is it that but a very little cold-working is needed to 
compensate for it. 

Now it so happens that Mr. Samuel Johnston, of 140 Nassau 
Street, New York City, has devised and constructed machines 
capable of rolling manganese-steel and other metallic substances 
while cold, and with great ease. I have here a strip of man- 
ganese-steel which was originally throughout its length of the 
cross-section which its larger end now has. It has been worked 
down to its present shape while cold, and without annealing. I 
am informed that this machine can produce pieces of exceedingly 
irregular shape. With the slight familiarity which I have with 
it, I find it difficult to set a limit to the shapes which it can 
produce. As we can turn wooden gun-stocks and axe-handles 
in a lathe, so can this machine turn out even most irregular 
pieces. 

It is still too early to assign to these two methods of shaping 
manganese-steel when cold their exact fields. In many cases it 
is probable that either can be used, as in turning bridge-pins 
and car-wheels, in trimming armor-plates, and in shaping plough- 
points. In other exses, such as that of car-axles, where an 
irregular cross-section must be given with extreme accuracy, 
the Johnston machine seems more applicable than the emery- 
wheel. 

Established Uses.—W hen we come to the actually well-established 
uses of manganese-steel, I must act the apologist. They are few. 
In addition to the inertia of custom, which properly leads each 
to cling to the material which does well enough rather than 
brave the ills he knows not of, we have the really serious 
obstacles which the very nature—indeed, the very advantages— 
of this alloy oppose to its use, and certain personal consider- 
ations on which I may touch but lightly. 

The death of the senior Hadfield shortly after the invention 
of manganese-steel threw on his son the cares of a very large and 
growing business, in addition to those of the development of 
manganese-steel and of many other extremely promising alloys. 
There has been lack of laborers rather than lack of promise of 
harvest. 

The most important single use for manganese-steel is for 
the pins which hold the buckets of elevated dredgers. Here 


abrasion chiefly is to be re 
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given remarkable results ; and here its use has, I believe, ceased 
to be tentative. Figs. 277 and 278 show how much better man- 
ganese-steel resists abrasion than carbon-steel. The manganese- 
steel pin, Fig. 278, has endured more than three times as much 


use as the forged carbon-steel pin, Fig. 277, and yet has been 
worn away very much less than its competitor. Hard as this 


View of Back of Plate, — 


p 

Common Steel Plate. 


8.3 Foot Tons of Energy. 


_ Another important use is for the links of common chain- 
elevators. The manufacturer who uses them most reports that 
they last more than twice as long as carbon-steel links. 

j The cyclone pulverizer consists of two propeller-blades, set 
end to end, in a closed chamber, and revolving rapidly in 

opposite directions. The ore or other substance to be powdered 

is dropped between these blades. They are thus subjected at 


6-inch pin is, it can be bent double cold without cracking | 


279. 
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once to severe abrasion and to heavy blows; hence they must 
be tough and hard. While chilled cast-iron is found to abrade 
slightly less under these conditions, yet it often breaks, causing 
serious accidents. Manganese-steel has been found perfectly — 
safe, and has been regularly adopted. 

Besides many smaller uses, a great many points and crossings 
for both steam and horse railroads have been made; but it is — 


not yet known how the wear of manganese compares with that_ 


of carbon-steel under these conditions. 


- View of Back of Plate. 


Wrought Tron Plate. 


8.3 Foot Tons of Energy. 


Car-wheels probably offer the most promising use for man- 
ganese-steel. A car-wheel must first of all be so tough and 
trustworthy that it will not break even under the trying con- 
ditions of use; and beyond this, it must resist abrasion; in 
short, it must have the combination of toughness and hardness 
which manganese-steel offers. Several serious obstacles have 
retarded the introduction of manganese-steel for this purpose, 
but we see our way pretty clearly to overcoming these com- 
pletely. And I hope strongly to see manganese-steel become 
the material for passenger-car wheels within a few years. I am 
less hopeful as regards freight-car wheels, because the results 
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are less serious when a cast-iron wheel breaks under a freight 
train than when it derails a passenger train. 

The chief difficulty in the way of introducing manganese-— 
steel car-wheels has been the extreme hardness of the metal, 
which made it difficult to turn the thread and to bore the hub 
true. This difficulty is now well in hand. 


mounted ina lathe and revolving slowly so as to bring each 
point in its tread in succession against the emery-wheel. 

The hub might be bored with an emery-cone such as is used 
successfully for dressing out the conical steel dies through _ 
which steel bars are drawn cold. But an objection to this is i. 
that the purchaser of a car-wheel may wish to bore out his 
wheel to fit a particular axle after it has left the maker’s hands. 
Hence it will be better to weld or cast into the manganese-steel 


wheel a centre of iron or soft steel, which can be bored readily. 
Manganese-steel wheels under a one-horse tram-car in Chester, 

England, were returned after running 80,000 miles. The service — 

under horse-cars is very trying, as the brakes are so often ap- 

plied and as so much sand and other gritiy matter lie on the 

rails. The mileage on one of the 

roads in this country follows : 


= Number of Number 
Maker. Wheels put in worn out. Mileage. 


293 7,748 
16,3738 


$,587 


Of these three classes of wheels two were of cast-iron and one 
of earbon-steel. 

I am informed that some manganese-stee] wheels have run_ 
over 300,000 miles each without turning, on a New England | 
railroad. 

For gears exposed to excessive abrasion—e.y., from grit—man-_ 
vanese-steel commends itself. 

For safes, also, it should be well fitted, as it can neither be 
broken by sledging, nor cut, nor drilled. 


Armor-plate.—It is to be expected that manganese-steel should 
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make excellent armor-plates, for here hardness and toughness: 
should be combined. The plate must be so hard that the shot 
does not penetrate it, yet so tough that it does not crack and 
let the water in; and such experimental data as we have indi- 
cate that manganese-steel will fulfil this expectation. 

Figs. 278, 279, and 280 illustrate the effects of a shot on 
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Fig. 281. 


om: Foot Tons of Energy. 
on carbon-steel containing 0.25¢ of carbon; 
and on wrought-iron. The wrought-iron plate was completely 

_ perforated ; the carbon-steel plate was cracked through ; three 

_ manganese-steel plates received in all four such shots, which in 

two cases penetrated § inch, and in the other two { inch. The 
manganese-steel plates became somewhat dished by the blows, ; 
as is roughly shown in Fig. 281, and in two cases a slight sur- 

— face crack resulted around the inside of the hole. 
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A sliding ram had hard steel armor-piercing shot attached to 
its lower face, and was dropped from a height of 8 feet upon 
these several plates, which were supported firmly on timber. 
The manganese-steel plates were 9 inches square, and 0.75 inch 
thick. The conditions of this test do not, indeed, reproduce those 

of actual warfare ; in the one case we have a great mass moving 
slowly, in the other a small mass moving swiftly. 

Notrr.—I must caution the reader that, though I have tried to treat the subject 


- judicially, allowance should be made for bias on my part, owing to direct pecun- 
J g 
iary interest, 


DISCUSSION. 


Mr. Gustavus C. Henning.—1 should like to call attention to a 
few points in regard to manganese-steel. I tested some for 
Mr. Hadfield, of Sheffield, and found a very peculiar property 
about it—that its resistance to crushing is very slight, although 
it has great tensile strength. When put into the holders of a 
machine, notably Emery’s testing machine, the end which is in 
the jaws will be completely crushed before you have reached the 
maximum tenacity. Materials can be arranged in three classes 
according to their relative properties in that respect. In the 
first of these can be grouped very hard metals of low tenacity, 

such as cast-iron, etc. In the second belong those in which | 
hardness and tenacity are about equal. Then the third class_ 
is this of manganese-steel, and also some of the softer bronzes _ 
and copper, which are crushed before the maximum tenacity is 
reached. Hence the test piece will not break fairly, but just at 
the jaws of the holder; and for such cases special provision 
would have to be made to obtain good results. It is a peculiar 
quality of manganese-steel that it seems to be so soft and is still 
so tough and strong. 

In regard to the Tables I. and II., obtained from Mr. Morrell, 
it is to be regretted that he does not give the amount of wear on 
the hardened steel shaft and on the emery-wheel, to record the 
effect produced on them by the other metals in contact, to give 
us a better idea of the actual results obtained. They are very 
interesting, and seem to show that a coarsely granular will have — 
a different effect from a smooth, close-grained material, and I 
think that the wear of the manganese-steel should have been 
determined on other materials as well, not alone on the hardest : 
and closest of the steels. It would have been very faced, 
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in connection with this to have given another table showing 
how a soft, ductile material will behave with manganese-steel. 

In the case of Table III. on axles, are given two columns of de- 

- flections. I think, without intending to be so, that table is very 
misleading. An axle is only eight or nine feet long, and if we 
read there, “ the sum of permanent deflections or bends in inches 
produced,” it would show that an axle less than 7 feet long had 
shown deflections of 105 inches. I think this apparent anomaly 
‘ean only be explained by stating that the first blow would de- 
- flect the axle downward. The next blow is then given after re- 
F versing the axle on its bearings, and on a point opposite to that 
first struck, the axle being thus reversed after each blow. The 
total deflection as stated is the sum of deflections produced by 
each blow. The height of drop should be measured as the dis- 
tance from the lower surface of the ball to the upper surface of 
“the piece tested, and not to the bearings on which it rests. 

It is a great pity that reports are given with such scant ex- 
-planations as to how tests and observations were made, for 
without these, reports are frequently unintelligible. Of course, 

‘this i is not Mr. Howe’s work. A standard method of reporting 
is almost as necessary as to make a test. I know, as a matter of 

- fact, in testing axles, that axles are always reversed on the bear- 
ings. Hence this apparent anomaly, which may be correct. I 
think it would be very desirable to have a little explanation of 

_ how these tests were made. They show that manganese-steel is 
very much better than the other steel; in fact, very much better 
than Table III. would make it appear. In Table IV. Mr. Howe 
has given a corrected total height of drop. In the table given, 


The total height of the drop as there given is not a true cri 

i terion of the quality of that material. In the first place, we 
2 expect, of course, that the wheel is in the same condition at 

the end of the test in each case. 

But I should like to object to the way the tests were made. 

_ The wheels were dropped upon the flanges. In the case of cast- 
iron that is a very unfair treatment of the material. The way 
it should be done, as recommended by the Standards Committee 
of our Society, is this: That a block should be fitted on the 
_ flange and tread, so as to give a reasonable bearing on the 
‘| whole section of the wheel, and then the height of ball meas- 


| 


ured from hin upper surface of the block to t 

weight. In that manner we will obtain comparative results, and 
inno other. I think the cast-iron chilled wheel would have given 
better results in comparison with the other than those stated in 
the table. The results given of the cast-iron wheel are not as 
good as they should be, but the tests certainly show that in 
every case manganese-steel is very much better for most pur- 
poses, except where the resistance to crushing is the principal 
quality which is to be provided for. 

Prof. W. A. Rogers.—I have made a few experiments upon a 
specimen of manganese-steel with reference to its adoption in 
the construction of standards of length. It was found that the 
particular specimen tested was capable of receiving a high 
polish, but under a microscopic examination the surface ap- 
peared to be an aggregation of exceedingly minute pits. 

An interesting experiment was performed upon this bar of 
metal. After a surface of considerable extent had been ruled 
with rather heavy lines one-thousandth of aninch apart, the bar 
was placed upon an anvil and was struck a heavy blow with a 
large sledge-hammer without producing the slightest disfigura- 
tion of the ruled surface. 

Mr. Kent.—1 would like to ask Prof. Howe how manganese- 
steel acts in castings ? 

Mr. Robert W. Hunt.—I think the subject of manganese-steel as 


applied to steel car-wheels is certainly a very interesting and 
important one. You are all aware of the great and constant 
effort which is being made, particularly in this country, to get a 
solid steel wheel to replace the steel-tired ones. You probably 
recall the Fowler wheel, and those who are at all familiar with 


Mr. Fowler's labors are aware of the years of persevering inves- 
tigations and experiments which he has made, and, of course, the 
large amount of money spent by himself and his company in that 
direction. At the risk of repeating what you know, allow me to 
recall to you that he first casts his wheel, and then places it ina 
rolling mill and reduces the diameter of the wheel by compres- 
sion. His difficulty has been to get a metal which would stand 
this treatment : in the first place, metal free from physical de- 
fects ; and then, one which would roll satisfactorily; and, lastly, 
one which would bear up under the fatigue of actual service. 
Latterly, within the last year or, perhaps, year and a half, he has — 
been depending upoa a soft steel made by the Robert or, as it is | 


| 
4 
J 
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called in this country, Buchwalter process; and certainly has 
been getting wonderful results so far as solid castings are con- 
cerned. A number of analyses of his steel which I had occasion 
to have made ranged from 0.22 to 0.30 of carbon. That, upon 
its face, would seem to be entirely too soft to resist abrasion in 
service as a tire. But Mr. Fowler depended upon obtaining 
enough physical hardness from compression in rolling. I think, 
from some of the facts which I have been able to gather, he has 
been disappointed in this. They are still making wheels, and, I 
assume, are making them from higher carbon-steel. In New 
England they have another cast-steel wheel company which 
seem to obtain very good results from the service of their 
wheels. So, now, if manganese-steel will offer a cheap and con- 
stant material, giving both toughness and hardness against abra- 
sion, it seems to me it is the thing which promises the best 
commercial results. Assuming that wear and safety are ob 
tained, the next question is how it will be for cost. That is the 
great difficulty in regard to all solid cast-steel wheels. As long 
as our makers are getting such wonderful results from their best 
chilled wheels, it gives a knotty problem for cast-steel wheel- 
makers to meet. I trust, if Mr. Howe can, he will in closing the 
debate give us some data about this. 

Mr. Gantt.—1I should like to ask how much Mr. Fowler com- 

pressed those wheels. 

The President.—He reduces a wheel nearly two inches — vary- 

ing from an inch and a half to an inch and three-quarters. 

Mr. Howe.—That is, parallel to the axle. 

The President.—Yes, sir. 

Mr. Howe.*—In reply to what Mr. Henning stated, I would say 
that there is no doubt that manganese-steel does show a rather 
low compressive strength, considering its hardness in resisting 

abrasion; in most cases it does not stand well. There are cases 
in which it has stood very well, and the difference is probably 
due chiefly to difference in composition of manganese-steel, 


_ because some kinds have stood very well in compression. The 
~ emery-wheel tests were not Mr. Morrell’s. As to the axle test, it 
was simply carried on under the usual conditions. The axle was 
always reversed after every blow, and the height was measured to 
the original line and not to the top of the axle. As to castings, 
IT should say that the difference between the value of manganese- 


* Closure, 
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steel castings and manganese-steel forgings was about the same 
as that between carbon-steel castings and carbon-steel forgings. 
I doubt if a very considerable degree of distortion of the parti- 
cles is required to change a casting to a forging, and to give the 
material practically fully the properties of a forging. It is prob- 
ably a question of the temperature at which that distortion 
takes place. A good many things that have been used of man- 
ganese-steel—those elevator links, for instance—are castings. 
The castings are very hard ; I do not think that the hardness is 
materially increased by the distortion which takes place in the 
forging. So that what you would get by forging is an increase 


Of 
eg., that car-wheel that was 


in tensile strength and ductility, rather than in hardness. 
course, in the case of car-wheels 
dropped was a casting pure and simple, without any kind of 
work having been put upon it; and the other car-wheels, those 
that Captain Hunt refers to, were manganese-steel wheels, made 
in New England, and were simple castings. In many cases they 
The 
extra cost of manganese-steel above that of carbon-steel is 
chiefly due to the difference in the first cost of the material. 
Ferro-manganese is more expensive than cast or scrap iron, 


gave very good results They were entirely unforged. 


and I think one-quarter of a cent a pound ought to represent 
‘the difference between manganese-steel and carbon-steel cast- 

The President. 
steel scrap as in carbon-steel ? 

Mr. Howe.—1 do not think there is a very 
The manganese-steel shrinks and pipes a good 


Must you provide for as much manganese- 


vreat difference. 
deal. I am not 
able to answer that question accurately, however. I think it 
certainly will be as large in the case of manganese-steel as in 
Then 
there is a further difficulty in the cutting off of the sinking head 
and runners of this very hard steel. However, if it is done hot 
that does not amount to a great deal. he 


the case of carbon-steel, and probably somewhat larger. 


ADDED AFTER ADJOURNMENT. 


While Mr. Henning is perfectly right in demanding full state- 
ments as to the conditions of tests and other experiments, yet 
this applies strictly only to the original published description. 
In later ones, such as my own, where the reference is simply to 
establish a comparison, I think that it is better to state the 
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as briefly as possible, and to refer those who 
would look further to the original papers. 
It is to be regretted that most engineers do not record the 
_ conditions of their tests as fully as could be desired. In their 
rein as at tables of another kind, we must take what is set 
before us, and be thankful. 
[am not sure that Mr. Henning’s criticism on the drop test 

_ applied to these wheels is just. I hold that, while the test 

should reproduce as faithfully as possible the conditions under 
_ which the material is likely to fail in service, yet it should aim 
E to prove the material faulty rather than to prove it good: they 
_ should assail its weakest, not its strongest points. Now I take 
it that the flange of a chilled cast-iron wheel is its weakest 
point ; for instance, in striking hard against the outer rail of 
a curve or against a frog, is it not the flange that is liable to 
‘ break, leaving the wheel free to derail itself at the first favorable 
opportunity? If so, then I say attack that wheel at its flange 

when you test it. But I should leave this question to those 
_ more competent to discuss it. 
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PUMPING ENGINE OF ONE AND) ONE-HALF 
MILLION GALLONS CAPACITY TWENTY- 
FOUR HOURS, AGAINST A HEAD EQUIVALENT 
‘TO TWO THOUSAND FEET OF WATER. 


BY J. BE. DENTON, HOBOKEN, N. J. 


Member of the Society.) 


INTRODUCTORY. 


petroleum over one of the eleven 30-mile sections of the Stand- 
ard Oil Pipe Line connecting New York City with Olean, Pa. 

It is iocated in a valley of the Alleghany Mountains at Swart-. 
out, about four miles from Port Jervis, New York. <A bird's-eye 
view of the pumping station is given in Fig. 282. The general 
features of such a pumping station are a boiler and engine 
house, a telegraph office, and two receiving tanks nearly 100 
feet in diameter and 30 feet in height. Oil is supplied to the 
tanks from another station 30 miles westward, by 6-inch pipes 
running across the country a few feet beneath the surface of the 
ground. The light streak running up the mountain at the back- 
ground of Fig. 282 shows the route of the pipe. It represents: 
the path worn by the passage of the “ line walkers,” who con- 
stantly patrol the line. A telegraph operator, belonging to each 
station, measures the depth of oil in the tanks every hour of 
the day and night, and reports the result throughout the line, 
so that the utmost system prevails, and every station is under 
perfect control from the headquarters. Fig. 283 shows an 
operator in the act of measuring the depth of oil in a tank by 
means of a steel tape dropped to the bottom of the tank from a 
reel held in his hand. 

At night, sufficient light is thrown upon the tape to enable it | 


* Presented ut the Providence meeting (1891) of the American Society of 
Mechanical Engineers, and forming part of Volume XII. of the 7'ransactions. 
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to be accurately read, by means of a reflector mounted upon a 
tower situated midway between the tanks, and at such a dis. 
tance that all danger from fire is avoided. Figs. 284 and 285 
show general views of the pumping engine. In the foreground 
are the oscillating or compensating cylinders, constituting the 
high duty attachment which has enabled the expansive principle 
of using steam to be developed in the Worthington direct-act- 


oy, 
» 


Fig. 282. 

Bird's-eye view of pumping station, showing boiler and engine houses, two oil 
receiving tanks, 95 feet in diameter and 30 feet high, with light tower between, 
to enable readings of depth of oil in tanks at night, as per Fig. 283. The route 
of the pipe line is shown by the light streak running over the mountain in the 
background, which represents a path worn by the passage of the ‘‘ line walkers,” 
who constantly patrol the country through which the pipe runs. Eleven such 
Stations, about 30 miles apart, enable one and one-quarter million gallons of oil 
to be transported daily from Oil City, Pa., to New York City. 


ing pump, so as to afford a saving of coal amounting to about 
50¢ of the consumption involved without this attachment. 

The pump tested represents the first application of the high 
duty attachment to the pipe-line service. This service is very 
severe, inasmuch as the pressure which the pump must exert often 
amounts to upward of 900 lbs. per square inch, and the work 
is continuous throughout the day and night. By aid of the de- 
vices shown in Fig, 286 and Fig. 287, the conditions of service 


3 
| 


are maintained comparatively uniform, and ccusequently afford 
xcellent opportunity for the accurate measurement of the duty 
of a pump under the actual conditions of practice; and the 
object of this paper is to present the result of a series of duty 
trials recently made by the writer, in the joint interest of the 
pipe-line management and the makers of the pump. I am in- 
debted to the officers of the pipe line, and especially to Messrs. 


Fic. 283. 


Showing station telegraph operator measuring depth of oil, in one of the 
receiving tanks, by meaas of a steel tape, dropped to the bottom, off a reel held 
in his hand. Measurements are made every bour, day and night, and the reading 
telegraphed to the adjoining stations, 30 miles distant, east and west. At night 
sufficient light to read the tape is thrown upon the tape by a large reflector located 
midway between the two tanks (Fig. 282), and at such a distance as to prevent 
any danger of ignition to the contents of the tanks, 

f « 
Pilkington and Cobb, for cordial codperation and assistance in 
carrying out the experimental work. 
SPECIAL PREPARATIONS FOR TESTS. 

The station is provided with eight boilers, six of which are 
in use at one time to supply steam to operate the pumping 
engine, an independent steam feed-pump, a small engine oper- 
ating a dynamo and for heating the telegraph office and en- 
gine house. A sectional view of the engine is shown in Fig. 
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The air pumps are operated by direct connections from 
the cross heads. All of the cylinders are steam-jacketed, and 
the steam condensed in the jackets is returned to the boilers by 
an automatic Pratt & Cady steam-trap. The remaining portion 
of feed-water is taken from the hot well by the independent 
steam feed-pump, and forced through a pipe surrounded, over a 


portion of its length, by a larger pipe, into which the steam 


Fig. 284. 
General view of pumping engine, showing 6-inch vertical delivery pipe, com- 
_pensating or oscillating cylinders, and the group of springs acting as an equiv- 
alent of an airchamber, The springs resist the upward movement of a vertical 


the delivery chamber of the pump by the 2-inch vertical pipe in front of the 
pump. The oscillating cylinders are discharged or filled by oil flowing through 


their hollow trunnions, to or from the cylinder containing this plunger, and the 


springs control the fluctuations of pressure which occur, 


feed-pump and the dynamo engine and heating coils exhaust, 
thereby slightly heating the feed-water, taken from the hot well, 
above the temperature in the latter. 

The condensed steam from the jackets was cut off from the 
automatic trap and taken through a Nason dumping trap into a 
surface condenser, which cooled it sufficiently to allow it to be 
received in an open barrel, and thence pun:ped through a three- 

quarter Worthington meter, by means of a small steam pump 


{ 
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provided for the purpose. The feed-water then all entered the 
boilers through the independent feed-pump, and was measured 
by a 2inch Worthington meter located between this pump 
and the boilers. One of the six boilers was devoted to supply- 


ing steam for all purposes, except running the pumping engines, 
a separate steam main connecting it with the dynamo engine, 
the heating coils, the feed-pump, and the small pump used for 
forcing the jacket steam through the water. A second three- 


Fig, 285 
IG. 


Showing lazy tongs, indicator motion, main steam-pipe, main throttle valve, 
branch throttle valves to each side of engine and half-inch vertical pipe, to which 
the universal calorimeter was attached to measure moisture in steam supplied 
to engine; also 1{-inch pipe, out of bottom of steam-pipe, directly below main 
throttle valve, which supplies steam to al] jackets, and to reheater in receivers. 


quarter meter measured the feed-water supplied to this boiler. 
Hence, the feed-water registered by the 2-inch meter, less 
that registered by the three-quarier meter attached to the single 
boiler, was the amount of water evaporated into steam to operate 
the pumping engine under test, and included both the steam 
condensed in the jackets and that entering the cylinders. Coal 
was weighed in portions of about a ton each on the scales with 
which tie station is provided, the latter being calibrated with 
an accurate steel-yard provided by the writer, and by means of 
which, dead weight was accumulated equal to the greatest weight 


= 
— 


q 


be 


980 PERFORMANCE OF A WORTHINGTON PUMPING ENGINE. { 


for which the scales were used. Indicators were fitted to all the 
steam and pump cylinders, and were operated by a lazy-tongs 
motion. A “stroke register’ was provided to integrate auto- 
matically the lengths of the strokes of the pump during any 
interval of time. 

A Barrus universal calorimeter was attached to the steam 


Fie. 286. 


Showing the ‘‘ go devil,” or instrument which is allowed to travel through the 
oil pipe, to cleanse the interior of the latter of oi] accumulations tending to ob- 
struct the flow. The stop valves at either side are closed, and then the oblong 
man-hole plate removed. The instrament is then laid in the pipe, the cover 
replaced, and the valves opened. The current of oil, which travels at the rate of 
ubout three miles per hour, pushes the ‘ go devil” along, and also revolves it 
with sufficient force to cause the bent steel knives, near its upper end, to cut al! 
residue off from the interior of the pipe, and thereby prevent undue expense of 
power in pumping the oil. The instrument creates an audible buzzing sound, 
which, together with the fact that its arrival is anticipated by telegraph notice, 
enables it to be caught at the nex. station, or as sooy ag jt arrives at the proper 
depot. 


supply pipe immediately before the latter entered the main 
throttle valve. (See description, Fig. 285.) 

Steam-gauges, carefully calibrated, were located at the boiler, 
at the steam-pipe, at its entrance to the engine, just beyond 
the main throttle, and below the branch throttles leading to 
either side of the engine. A steam-gauge and thermometer were 
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located on the pipe, through which all steam condensed in the 
jackets flowed to the Nason trap, at a point about 3 feet from the 


centre line of the engine. ‘7 


DESCRIPTION AND CALIBRATION OF STROKE REGISTER. 


One of these instruments is shown in Fig. 288. It consists of 
a ratchet-wheel attached to the primary arbor of the train of 
vear-wheels, and indices, constituting the recording mechanism 


Fie, 287. 

Showing yard containing boiler, engine, and telegraph houses aud machine 
shop ; also, in the foreground, the jacket or sleeve clamped on the outside of the 
line pipe, over a break or rupture in the latter. 

A rubber packing ring is squeezed together upon the pipe at each end of the 
casting, and a gland or stuffing-box attached by means of the stud bolts shown. 
This device enables aleak to be controlled without removing the raptured length 
of pipe from the line 


of water meters. Mounted on the same arbor with the ratchet- 
wheel is a pinion gearing into a rack attached to the sliding 
piece .1, and the latter carries a Stubbs steel rod upon which 
are mounted the stops BB, which are adjustable, so that the pro- 
jecting points ('C' may be set any desired distance apart. The 
teeth of the ratchet are so finely cut that by the aid of two pawls, 
set so as to subdivide a tooth-space, a movement of the rack as 
small as one-thirty-second of an inch will move the primary 


index of the recording mechanism. If, therefore, the apparatus — 
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is mounted so that an arm clamped to the cross-head of the 
2! pumping engine can strike the projecting points C'C, and the dis- 
_ tance of the latter apart be any amount, not more than 2 inches, 
less than the maximum stroke of the engine, the recording 
~mechanism will register numbers representing the total travel of 
the engine, in excess of that corresponding to a length of stroke 
equal to the distance apart of the projecting points ('C’, plus the 
thickness of the arm attached to the cross-head. Thus, in the 
present case, the stroke of the engine was about 37} inches. 
The stops, or projecting points C'C, were therefore set so that 
their distance apart was 36 inches, plus the thickness of the 
arm fastened to the cross-head of the engine. The proportions 
ie P of the ratchet and rack motion were such that a movement of the 


F rack equal to five-ninths of an inch moved the primary hand of 
the recording mechanisms one unit of its dial, or one-tenth of a_ 


_ revolution. Hence the average length of stroke made by the 


Initial reading of revolution ‘counter of engine. 
Initial reading of stroke register. 


Then average length of stroke in inches is 


5 (Ry 


L = N. 


= The instruments were calibrated by moving the rack a 
a known number of times between stops a measured distance 


2 
i 
we 
Le 
2 
. 


PERFORMANCE OF A WORTHINGTON PUMPING ENGINE. 


apart, before attachment to the engine. This calibration was 
also checked by several series of observations of the movement 
of the rack .1, while attached to the engine. The rack being at 
rest while the piston of the engine is travelling 36 inches, a scale 
can be placed beneath it, and the excess of piston travel, over 36 
inches, be easily read off each stroke. Examples of such a series 
of observations, one for each side of the engine, are given below. 


LENGTH OF STROKE IN EXCESS OF 86 INCHES FOR 100 DIVISIONS 
OF PRIMARY INDEX. 


No, of Rack No. of Rack ; 
Double Movement. Double Movement. ds 


Strokes. Inches. Strokes. Inches. 


Total rack movement, 54.53 
inches ; or roundly, § inch 
per division of primary in- 


~ 


Dt 


983 
Sir: 
19 
20 144 
21 1,4 
22 142 dex. 7 
| 25 me a! 
28 
| 36 
+ 
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LENGTH OF STROKE IN EXCESS OF 36 INCHES FOR 150 a 
OF PRIMARY INDEX. 


Sourn Sipe. | J 
No. of Rack No. of Rack «st 
Double | Movement. Double Movement. 
Strokes. Inches. | Strokes. Inches, 


Total rack movement, 
inches; or roundly, § inch 
per division of primary in 


"al" oi” 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


| 

DESCRIPTION AND CALIBRATION OF INDICATOR APPLIED TO PUMP 
CYLINDERS. 

This consisted of a steel plunger one-quarter of an inch in 
diameter, which received the pressure of the pump cylinders 
against its lower end through the medium of a mass of cylinder 
oil, and communicated this pressure to the piston of a Crosby 
indicator, against which the upper end of the plunger abutted. 
The apparatus, seen as adjusted for calibration and on the 
engine, respectively, is shown in Figs. 289 and 284. The brass 


siphon A contained the cylinder oil, and the quarter-inch 
plunger works oil-tight through the hexagonal nut 2. A three- 


q 
4 
1 | 82 145; 
33 
3 34 
| $5 
5 36 1,5 * 
6 37 1,4, 
9 40) | 
10 41 
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way cock at C is set so that there is communication through 
it, with the atmosphere, while communication toward the pump 
cylinders is closed. The cock ) being then opened, a charge 


INDICATOR FOR PUY 


of eylinder oil was introduced with a syringe, until this oil was 
seen escaping to the atmosphere at C. 

The cock D is then closed, and C turned so as to communi- 
cate with the cylinders, and allow the pump pressure to act 
upon the plunger. 

There was practically no leakage with the plunger fitted a 
thousandth of an inch less in diameter than the hole in the nut 
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B&B. The instrument was filled, or recharged, only when it was 
thought that the crude oil from the pump cylinders may have 
taken the place of the cylinder oil, through the escape of the 
latter by the frequent setting of the cock C to connect with the 
atmosphere, in taking the atmospheric lines of cards. To eali- 
brate the instrument, it was emptied of oil and a plug directly 
under the plunger removed. The brass rod / was then adjusted 
so that, by working the levelling screws in the platform /’, the 
indieator pencil was moved over its range of travel. The aver- 
age readings of the platform scale, corresponding to each sixth 
of an inch of pencil travel, gave the scale of the instrument as 
610 lbs. per inch. 

As a check upon this method of calibration, the spring in the 
Crosby instrument and a small spring attached to the plunger, 
to enable it to measure pressures below the atmosphere, were 
calibrated separately, and gave the same value for the scale of 
the instrument. 

It is probable that this value is correct to within about 1} 
As no mereury column exists which affords a means of calibrat- 
ing pressure gauges to pressures as high as 900 lbs. per square 
inch, this indicator was the sole basis of oil pressure measure- 
ment available, and the several Bourdon gauges used for record- 
ing the oil pressure were all referred to this instrument. Both 
the stroke register and the hydraulic indicator were designed, at 
the request of the writer, by Prof. J. B. Webb. The steam indi 
cators were calibrated from 27 inches of vacuum to 20) lbs. above 
the atmosphere, with mercury columns, and for higher press- 
ures, by means of the “dead weight test-plate” of the Utica 
Gauge Co. In the course of the experiments seven Ashcroft indi- 
cators and one Thompson indicator were used. Four of the Ash- 
croft were new, being kindly loaned the writer by the Ashcroft 
Co. The scales of the latter were found correct to within 1 
The water meters were all calibrated in place, under the exact 
conditions of pressure and rate at which they were used. Cali- 
brations were made before and after the experiments, and the 
variations amounted to only four-tenths of 1. 


PRINCIPAL DIMENSIONS OF ENGINE AND BOILERS. 


The boilers were of the return tubular type, the gases passing 
once under shell, once through the tubes, and thence to the 
chimney. 
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ENGINE. 


Grate surface per boiler 

Heating surface in tubes per boiler 

Heating surface in shell - 

Total heating surface a 906 
Superheating surface none 


) 


Ratio of heating to rrate surface. ... 32 
The engine was of the tandem compound type, with a receiver 
between each pair of high and low cylinders, the steam being 
heated while passing through a receiver by contact with a nest. 
of piping filled with steam at boiler pressure. (See Fig. 291.) _ 
Both the barrels and heads of all cylinders were jacketed with 2d 
steam taken directly from the boiler. Steam for the jackets . 
and the reheater in receiver was taken from the main steam- 
pipe by an inch and a quarter pipe leaving the bottom of the © 
latter immediately under the main throttle valve. (See Fig. 285. . 
From this pipe, branch pipes, one and one quarter inches diam-— 
eter, led steam to the reheater and jackets. The drainage from — 
the reheater passed through the cylinder jackets, and the 
drains from the latter all united in a single pipe underneath the 
cylinders, leading to a Nason trap in the case of the test, but to 
an automatic steam return trap on top of the boilers, in the— 
ordinary running of the station. The pump plungers were of 
the outside-packed style, working through stuffing boxes packed 
with rubber and hemp. To distinguish between the two sides 
of the engine, we designate as the No. 1 engine the left-hand 
side looking from the steam toward the pump end; and as No. © 
2 engine, the right-hand side from the same stand-point. 


DIMENSIONS OF ENGINES. 


Diameter of both high-pressure cylinders. 
‘* low-pressure cylinders 
four pump cylinders. .. 94 
low-pressure piston rod 54 
high-pressure piston rod 54 
piston of both air pumps, double acting..... 14,“ 
Total possible travel of No, 1 engine pistons........... 37 fi) in. 
Distance between prick punch marks, No. 1 engine 87“ 
Average travel determined by stroke register........... 
63 
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Total possible travel, No. 2 engine pistons. .. . ; 
Distance between prick punch marks, No. 2 engine....... 
Average travel determined by stroke register... . 


Ratio of high piston area to cut-off port area 
Ratio of high piston area to exhaust port 
Ratio of low piston area to cut-off port area 
Ratio of low piston area to exhaust port area 0211 
Net area, each low piston 3,410 sq. in. 
Net area, each high piston... 
Area of each pump plunger 
Ratio of low piston area to high piston area 
Ratio of low piston area to pump plunger area 
Clearance of high piston in per cent, of average piston 
a placement, both engines: 


Outside of exhaust valve 0.794 
ee )xhaust ports..... 
bd At ends of cylinders— } 


average, both engines 


Total average clearance, high cylinders. ... ; 
Clearance of low piston in per cent. of average slate m dis- 
placement, both engines : 
Cut-off ports.... 
Outside of exhaust valve.. 
_ At ends of cylinders—) 
average, both engines 
Total average clearance, low cylinders ......... 
Live steam-heating surface in receiver, each engine 228 aq. ft. 
»> contents o 
Ratio of cubic contents of receiver space, thigh 0.7 
Number of inlet pump valves, 
Total area inlet pump valves, 5 40 sq. i 
Area of inlet valves in per cent. of plunger area 
Number of outlet valves, each engine... 
Total area of outlet valves, 


Diameter of compensating piston 


Stroke of compensating piston.... 
Diameter of trunnions of compensating cylinders 
~ ** thrust bearing of compensating piston 
™ ‘* main steam supply pipe 
Length of main steam supply pipe............ 
Cubic contents of foundation, | 
RESULTS OF EXPERIMENTS. 
PERFORMANCE OF BOILERS. 
Four heilen tests were made, as follows: 
First.—A twenty-four hour test, April Ist, using pea coal, and 
six boilers all connected, no separation being made of the steam 
used by the various motors. 
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Second.—A twenty-four hour test, April 3d, using pea coal, 
five boilers being devoted to the pumping engine and a sixth 
to the other motors. 

Third.—A twenty-four hour test, April 6th, using anthracite 
stove coal, five boilers being used for the engine, and one for the 
other motors. 

Fourth.—A twelve-hour test, April 8th, using anthracite stove 
coal, four boilers being used for the engine, and one for the other 
motors. 

The fires were not drawn in starting the boiler test, but the 
time of starting was made to coincide with the hour when the fires 
were all cleaned, 1 o’clock—the regular habits of the firemen 
being regarded as insuring as much accuracy, by this plan, as 
would ensue from attempting to draw the fires of so many boil 
ers, in order to start with wood. 


BOILER ECONOMY. Pi 


Pea Coan. | ANTHRACITE COAL 


First Second | First | Second 
Test. | Test. Test. Test. 


Date of test 1. Apr. 3. | Apr. 6. | Apr. 8. 
Duration of test . | 24 brs, | 24 brs. | 24 hrs. 
Boilers in use under equal conditions....... ‘ 5 
Pounds consumed per hour : 839 
Pounds water evaporated per hour from 
actual temperature of feed and at actual) 
boiler pressure 225 | 7% 7489 
Average temperature of feed, degrees Falhr. 113 
Average boiler pressure 90 
Pounds actual evaporation per pound of coal. 78 - 8.91 
Ashes, per cent 10.0 
yi euperature of feed-water if jacket water 
returned to boiler as in usual working 
of station, degrees Fahr | 
Pounds evaporation per pound of coal for 
147° temperature of feed and actual 
steam pressure 
Pounds evaporation per pound of coal from! 
and at 212° Fahr 
Pounds evaporation per pound of combusti- 
ble from and at 212 
Chimney temperature, degrees Fahr 
Condition of steam. 
Pounds coal consumed per square foot of 
grate per hour 
Pounds water evaporated per hour per square 
foot of heating surface from and at 212 
Fahr 


146 
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The single boiler had to be operated with the fire doors open 
It evaporated about 410 lbs. of water per hour, with an economy 
of 6| lbs. of water per pound of coal at actual steam pressure and 
from actual feed-temperature. The steam consumed by the feed- 
pump was probably about 1% of that used by the main engine. 

This corresponds to a duty of 10,000,000 foot Ibs., and an 
allowance of 5¢ for friction. If the exhaust of the feed pump 
was absorbed in the feed-water, the temperature of the latter 
would be increased about 10°. The expense of operating the 


feed-pump would then increase the steam-consumption of the 
main engine one-eighth of 1 
The boiler-flues were cleaned on March 28th and on April 4th. 
‘ The interior surfaces of the boilers were clean, and quite free 
from scale. 

There was no leakage at the blow-off valves of the boilers, but 
some of the safety-valves leaked slightly. 


PERFORMANCE OF ENGINE. 


No attempt was made to adjust the engine especially for testing. 
It was run under exactly the conditions of its operation for the 
previous six months, without any extra attendance or care. No 


test was made to determine the leakage of the valves or pistons. 
| The engine differed from the standard construction of Wor- 
thington Water Works Engine in the following details instituted 
by the pipe-line management. 
First.—The admission-valves of both the high and low eylin- 
ders were fitted with strips lying at an angle with the edge of 
the port so as to cause the latter to open gradually. 
Second.—The steam-cylinders were lagged simply with a 
2-inch layer of asbestos covered with tarred canvas. : 
7 | ENGINE ECONOMY. at 


oo THROTTLE VALVE AND VALVE BETWEEN RECEIVERS WIDE OPEN, | = 


3 Average steam pressure at boiler, in pounds, per square 
inch above atmosphere. ............... 89 
4 Average steam pressure at engine, in pounds, per = 
square inch above +e 
5 Average steam pressure under main throttle, 
pounds, per square inch above atmoschere........ 
6 Average steam pressure under branch throttle, 
pounds, per square inch above atmosphere ... 
7 Average steam pressure at bottom of steam jackets, in 
per square inch above atmosphere........ 
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Average steam pressure during admission to high 
cylinder, in pounds, per sq. in. above atmosphere. . 
Average oil pressure at delivery, in pounds, per square 
inch above atmosphere 
Average oil pressure at suction, in pounds, per square 
inch above atmosphere... . 
Average vacuum, inches of mercury 
barometric pressure, inches of mercury. 
temperature outlet to jackets, degrees Fabr.. 
feed- water 
Temperature of feed-water, if drainage from jackets 
had returned to the boilers, degrees Fahr......... 
Thermal units per pound of steam at boiler pressure. . 
ass ** to evaporate 1 pound of steam, if jacket 
water was returned to boiler 
Total pounds steam supplied engine per hour 
Per cent. of latter condensed by jackets and reheater. . 
Average length of stroke in feet 
= revolutions per minute ............. 
feet of piston travel per minute. 
horse-power at pump end 
Pounds of steam condevsed per hour per pump horse- 
power. 
Pounds of coal per hour per pump horse-power, assum- 
ing 10 pounds of steam to be evaporated per pound 
of coal 696 1.702 
Foot pounds duty } er 100 pounds of coal at 10 pounds 
evaporation 116780000 116330000 
Foot pounds duty per 1,000, 000 thermal units of 
steam consumption, neglecting steam consumed by 
feed-pump... 110000000 109200000 
Horse-power to operate fee d-pump. 0.9 0.9 
Foot pounds duty per million heat units of steam con- ; a 
sumption, including steam consumed by feed-pump, 
assuming latter to give a duty of 10,000,000 foot ee ee 
pounds under actual conditions, and to exhaust into : 
the feed-water 109850000 108860000 
Pea Anthracite 
Foot pounds duty per 100 pounds of coal at average coal. coal, 
rate of evaporation, under working conditions... .. 105895000 110948000 
Thermal units of steam consumption per pump horse- 
power per minute. : 802 
Average mean effective pressure, 
square inch 
Aveiage mean effective pressure, low cylinders, pounds per 
square inch 
Average mean effective pressure, all cylinders, per square inch of 
low piston 
35 Total horse-power, steam end 
Pounds water consumption per steam horse-power by measure 
ment... 
Friction of mechanism per cent, of steam horse-power 
8 Thermal units of steam consumption per steam horse-power per 
minute 
Average apparent cut-off high cylinder... 
Total real expansions by volume, both eylinders,............... 
Per cent. = total feed-water not accounted for at cut-off mar 


Ditto at of hear 
Ditto at release of low cylinder 
5) Moisture in steam entering engine 
> Oil consumed in cylinders, gallons per 24 hours 
7 Oil consumed on outside bearings, =_— per 24 hours. . 
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NOTES REGARDING FIGURES IN ABOVE TABLE. 

First—The oil pressure given in item 9 represents both the 
mean effective pressure in the pump cylinders, and the pressure 
shown by a gauge attached to the delivery chamber of the pump ; 
because there was no practical pressure required to operate the 
delivery valves. This fact is shown by the sample pump cards 
(Fig. 292), in which the full lines were taken with the indicator 
attached to the pump cylinders, or inside the delivery valves, 
and the dotted line, with the indicator attached to the same pipe 
as the station pressure gauge, which shows the pressure in the 
delivery chamber of the pump, or outside the delivery valves. 


CARDS: TAKEN AT OIL END OF ENGINE. 
Scale, 610 lbs. — 1 inch. 


Atmosphere. 
Full line—Indicator connected to pump cylinder inside of outlet 
valves. 
Dotted line—Indicator connected to delivery chamber outside of 
outlet valves. 


Second.—The duty, item 25, is calculated as follows: Test of 
April 6th. 


Area No. Revs. 
plungers. plungers. per min. 


67.2 x 4 x 20.18 x 3.127 


Stroke. 


= 439.9 


993 
4 
4 
700 
€00. 
400. DA 
300+ + 
100 
Atmosphere. 
700-4 
100- 
press, 


- 
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17.02 10 = 1.702 Ibs. 
Ft. lbs. per hr. Coal per hr 
for one H.P. per pump H.P. 
1980000 + 1.702 = 1163300 
Duty per 100 Ibs. of coal, 


; 00 = 633000 
1163800 x 10¢ 116330000 


Ratio, item 17, Duty per 1000000 
to 1000000 thermal units. 


116330000 + 1.068 = 1098000000 
Third.—The steam indicator cards were taken from both ends 
of each cylinder with one indicator, located at a tee midway be- 


Duty ver One 


. Ib. of coal, 


Water Pump Water per hr. 
per hour. per pump H.P. 
7.489 ae 439.9 = 17.02 Ibs. 
Water per Assumed evaporation Coal per hr. 
pump H.P. per Ib. of coal per pump H.P. 


tween the ends. 
Such an arrangement, with high speeds of rotation, is inadmis- 


TEST OF APRIL 6rnu. 


Scale, 50. 


Boiler 
pressure. 


Atmos 
phere. 


Zero. 


Cards of average M. E. P. combined in full lines, Fig. 294. 


Scale, 10. 
Fig. 
J 


Atmos 
phere. 


= 

a 


Boiler Pressure. = 


| Pounds per sq. inch, 
High. Low. 


Full lines average cards, M. E. P..) 34.08 9.02. 
Dotted lines max. cards, M. E. P.. 37.60 = 


Scale, 10 lbs. = 1 ineh. 
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Scale, 50. 


Boiler 
pressure. 

. ~ 
Fig. 2985. 


Atmosphere 


Zero 


Cards of best form combined in Fig, 296. 


Scale, 10 | 


Atmospher 


Boiler pressure. 


Atmos. 


phere 


Fig. 296. 
Scale, 50 lbs. = 1 inch. 


| 
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sible, but it was determined in the present instance that the 
arrangement gave exactly the same results as the use of sepa- 
rate indicators at each end of the steam-cylinders, with only 
a straight half-inch nipple between the indicator cock and the 
interior of the cylinder. : 


GRAPHICAL CHART 24 Hours. purty TEST APRIL %7 1891 


PRESSUR 


BOILER PRESSURE, 


|FEED WATER TEMPERATURE 


MEAN EFFECTIVE PRESSURES. FULL L 


NO.~1 ENGINE, | 


LOW CYLINDERS 


HIGH CYLINDERS. 


— 


> 2 
Fig. 297. 


Sample indicator cards are shown in Figs. 293, 294,295,296; and 
their range of variation in mean effective pressure is shown by 
the graphical log, Figs. 297 and 298, and the tables in Appendix. 
't may be noticed that the variation in mean effective pressure 
is comparatively large, amounting to about 10% for the high 
cylinder and 15¢ for the low cylinder. Such variations are 


believed to accurately represent the accidental discrepancies to 
= 
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which the best work with indicators is subject. The effect of 
he irregularities i is not great, however, with so many observations. 
The method of least squares shows that the probable error of the 
arithmetical mean of the mean effective pressures, reduced to the 


[GRAPHICAL CHART 


as HOURS DUTY Test | 


SCALE FOR METERS: CUBIC FEET. 


2 
« 
w 
@ 
z 
a 
— 
z 
w 
wy, 
~ 
< 


low piston, only aggregates 1¢, and none of the values are reject- 
able as abnormally large or small, according to Pierce's Criterion. 
The mean effective oil pressure is subject to the same amount of 
error, due to variations of value, and the scale of the oil indicator 
is believed liable to an error of 14%. Such errors may be either 
plus or minus, and aad partly neutralize or magnify each other's 
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effects in the main result. In the present instance, as the aver- 
age steam-cards give a very low value of friction, it has been 
judged proper to consider the true steam horse-power as that 
due to the arithmetical mean of the steam mean éffective press- 
ures, increased by 1%. Also, since the value used for the scale 
of the hydraulic indicator, 610 Ibs. per inch, is probably on the 
low side of the truth, the true pump- power is taken as that due to 
exactly the arithmetical mean of the mean effective pressures of 
the pump cylinders. 

Fourth.— The friction of the mechanism, item 33, is considera- 
bly less than has been found in measurements of inside plunger 
Worthington pumps, and, hence, the pumps, in this instance 
having two outside packed stufting-boxes on each side, might 
naturally be expected to waste more power in friction than an 
outside plunger working freely in the midst of water. But the 
plunger and oscillators in the case of pumping oil lubricate 
themselves so completely that, when the packing is so nicely 
and permanently adjusted as in the present case, the friction of 
the sevéral plungers may be very little. A computation of the 
power required to operate the air pumps, assuming their mean 
effective pressure to be 65 pounds, as usually shown by air-pump 
cards, gives three-fourths of 1¢ of the steam horse-power. 

A computation of the friction of the several moving parts 
of the engine, based upon allowances which have been found 
to give correct results in similar estimates,* indicates that 
their aggregate friction might easily be only 3¢ of the steam- 
power. Finally, by equalizing the pressure on both sides of the 
pumps, by means of a by-pass, and taking the mean pressure 
which, exerted on the high piston only, will just move the 
pump, such pressure corresponds to less than 5° of the steam- 
power. The friction of the pump plungers under these cir- 
cumstances is greater than while running, as the lubrication 
is practically destroyed. It is, therefore, concluded+ that the 
3.6 per cent. of friction found is an entirely reasonable amount. 

Fifth—The moisture in the steam, item 41, is the average of 
several determinations made at different times when the calorim- 


* See “Computation of Friction,” of Pawtucket pumping engine and other 
motors, Stevens Indicator, Vol. VII., Nos. 1 and 2. 

+ A study of the possibility of the variations of pressure of the oil, during 
a stroke, causing the oscillating cylinders to act as a slight back pressure on the 
pumps, results in the conclusion that such action cannot exert such an effect of 
more than three-fourths of 1%, if any whatever. 


ad 
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eter was observed for an interval of about an hour and a half. 
The variation of the different tests was only a fraction of 1¢, 
The moisture given, 1.1%, is fairly attributable to the radiation, 
etc., of the steam supply pipes, which, while well covered, aggre- 
gated 100 feet of 6-inch, and 125 feet of 4-inch pipe. es. 


On April 23d the pump drew oil steadily for six and one-half 
hours from one of the receiving tanks, which, isolated for sey- 


DETERMINATION OF SLIP OF PUMPS. 


eral days, showed no leakage or gain of contents. 

The contents of the tank for each foot of depth is known 
within one-twentieth of 1¢, and, combined with a record of the 
stroke register and revolutions of the engine, afforded an unu- 
sual opportunity to determine the “slip” of the pump. The 
results obtained are as follows : 


Revolutions per minute for 6} hours.............. 22.05 
Average length of stroke, No. 1 engine............ 37.42 me 


@ 


‘* both strokes 8.14 ft. 
Aggregate area of four plungers abies 1.867 sq. ft. 
Cubic feet displaced by plungers, per hour 7758.07 
Depth of tank ‘‘ pump out ” in 6} hours... 7.896 ft. 
Cubic contents of each foot of tank in barrels of 42 

gallons each, 231 cu. in. per gallon 


Cubic feet ‘‘ pumped out” per hour 7652.44 
Slip in cubic feet per hour, 7753.07—7652.44 105.63 ; 


per cent. of plunger displacement 1.36 


_ As the leakage from the plungers was comparatively infinitesi- 


mal, this slip is due wholly to valve action. vai’ 


BEHAVIOR OF ENGINE WITHOUT STEAM IN JACKETS AND 
REBEATER. 


On April 4th steam was shut off from the jackets and reheater, 
and the latter emptied into the hot well. The engine was then 
run one hour anda half. The stroke was very irregular. If 
adjusted to run 2 inches short of striking the heads, a piston 
would often strike for a few strokes and then the stroke again 
shorten. 

The revolutions dropped from 20.13 to 16.6 per minute, and 
the oil pressure from 850 to 750 lbs. The indicator cards were 
very irregular from water in the cylinders, but occasionally a 
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Cards taken fifteen minutes after the steam was shut off from jackets. 


Full lines are cards taken five minutes before shutting off steam from jackets. Dotted 
> 
lines are cards taken fifteen minutes after shutting off steam from jackets. 

Pump under excellent control and making fuli stroke. 


High-pressure cylin 
der, No. 2 engine. 
Scale of spring: 49.5 
Mean effective press 
ures: 
Right.. 29.10 
Left....... 


Low-presenre cylin- 
der, No. 2 engine. 
Scale of spring: 10.1 
Mean effective press 

ures 


Hich-pressure cylin 
der, No. 1 engine. 
Scale of spring : 49.5 
Mean effective press- 

ures 
Right....... 28.6 
Left......... 39 


Low-pressure cylin- 
der, No. 1 engine. 
Scale of spring : 10.1 
Mean effeetive press- 
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Cards taken twenty-five minutes after shutting off steam from jackets. 
Dotted lines represent variations in the card while the pencil was in contact with the 
paper one minute. 


Pump under excellent control and making full stroke. eS ae 


Kig. 308. 


High-pressure cylin- 
der, No, 2 engine. 

Scale of spring : 49.5 
Mean effective press 


Fig. 304. 


Low-pressure  cylin- 

-_ der, No. 2 engine. 
Scale of spring : 10.1 
Mean effective press- 


Fig. 305. 


digh-pressure cylin- 
der, No. 1 engine. 

Scale of spring : 49.5 

Mean effective press- 


Low-pressure cylin- 
der, No. 1 engine. 
Scale of spring : 10.1 
Mean effective press- 
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Cards taken forty-five minutes after shutting off steam from jackets. 


Dotted lines represent the wariations in the card while the pencil was in contect with the 
paper one minute, 


Pump under excellent control and making full stroke. ao. hs 


High-pressure cylin- 
der, No. 2 engine. 
Scale of spring : 40.5 
Mean effective press- 

ures : 
Right 20.6 
Left... .. 36.5 


Fig. 308, 


low-pressure cylin- 
der, No. 2 engine 

Seale of spring : 10.1 

Mean effective press- 
ures : 


Fig. 309. 


High-presaure cylin- 
der, No. 1 engine. 
Sale of spring : 49.5 
Mean effective press- 


low-pressure cylin- 
der, No. 1 engine. 

Seale of spring : 10.1 

Mean effective press- 
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well-formed card could be obtained. The water consumption 
per horse-power was increased 20%, but, as less work was being 
done, the coal consumption did not noticeably increase. 

On April 23d steam was again shut off the jackets and re- 
heater, and, from the experience of the previous experiment, the 
engine was more quickly and nicely adjusted to the new condi- 
tions. 

The stroke was easily maintained fairly regular for an hour, 
and the indicator cards, Figs. 299 to 310, obtained. The speed 
fell from 22.05 to 20.2 per minute, and the oil pressure a corre- 
sponding amount. No means of measuring the water consump- 
tion was then available. 

The coal consumption did not noticeably change, but it is too 
coarse a means of measurement to be of any value in the case. 
After seven minutes of running, the water in one low cylinder 
could be heard to splash as the piston reached the end of its 
stroke. The vacuum fell from 27} to 23 inches. After running 
an hour, it was evident that the water in the cylinders was still 
increasing, although the pump was still under good control. 
Five minutes after restoring the steam to the jackets, the full 
vacuum had returned, the sound of the water in the cylinders 
disappeared, and the engine regained her speed. The indicator 
cards show about 20% less mean effective pressure in the low 
cylinders, and about equal mean effective pressure in the high 
cylinders, compared with the cards taken with steam in the 
jackets and reheater. It was evident that, letting alone the 
question of economy of steam, steam-jackets are essential to the 
successful working of this style of engine. 


CONCLUSIONS. 


First.—-The boiler economy of the station is equivalent to 9.1 
and 9.8 lbs. evaporation per pound of pea and stove anthra- 
cite respectively, from the actual temperature of feed, 147° 
Fahr., and average steam pressure of 90 Ibs. above the atmos- 
phere. It is probable that an evaporation greater than 10 
lbs. per pound of coal, under working conditions, could easily be 
obtained with the best bituminous coal. 

Second.—The average economy of the engine is represented 
by any of the following statements : 


[a] The steam consumed per hour per horse-power 


ay 
5 
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{b] The steam consumed per hour per horse-power , 
steam end is 16.4 lbs. _ 


c] The duty per 100 lbs. of coal, if the boiler sup- 
plies to the engine 10 lbs. of steam per pound 
{d] The duty, per each million thermal units of heat 
imparted to the feed-water by the boilers reg- 
lecting steam used by feed-pumps. is 
[e] Ditto, including steam used by pump, if latter 
exhausts into feed-water 


_ Third.—The engine works smoothly while pumping against — 

- upward of 900 lbs. pressure per square inch. Under fluctua- 
tions of steam pressure amounting to 5%, and of oil pressure 
amounting to 10%, the engine maintains an average length of 
stroke within three-thirty-seconds of an inch of a maximum pos- 
sible stroke of 37.85 inches, or within 0.33¢. The greatest varia- 
tion of individual strokes was nine-thirty-seconds of an inch, or 
1.04. 

Fourth—The steam condensed in the jackets and reheater, in 
per cent. of the total steam supplied to engine, is 15.8#. 

Fifth—The power wasted in friction of the mechanism, and 
operating the two air pumps, in per cent. of the horse-power of — 
the steam end, is 3.64. 

Sixth—The actual delivery of oi] was within 1.36¢ of the 
cubical displacement of the pump plungers, or, the “ slip” was 
1.364. 

Seventh—Without the use of steam in the jackets and re- 
heater, water accumulates in the steam cylinders, in an hour’s 
time, to such an extent as to be heard to splash against the pis- 
tons, while the loss of mean effective power, principally in the 
low cylinders, causes at least 10% loss of speed, which is 
probably attended with a considerable loss of economy, but 
to what extent was not determined. The use of steam-jackets is 
undoubtedly necessary to the successful operation of a steam- 
engine of this particular type. 
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Prof. R. H. Thurston.—The builders of the Worthington engine 
are to be most heartily congratulated on this very admirable and 
remarkable result of their recent improvements. It is an espe- 
cially interesting case, as exhibiting the peculiar conditions of oil- 
pumping as well as of this form of engine. In the earlier days 
of the Worthington engine we considered a duty of 70,000,000 
both high and satisfactory, and the makers were satisfied to base 
their claims in the market upon the low money-cost of the machine 

a very good basis, too. But the simple and beautiful device of 
Mr. Charles C. Worthington has put the machine among the 
“high duty ” engines, and it is a great pleasure to his friends, and 
the friends of the senior Worthington—the inventor of the origi- 
nal type—to see the claims for the new form so handsomely sus- 
tained. Were our old friend to-day living he would, I am sure, 
tell us that nothing outside the walls of his own home could give 
him greater pleasure than this success of his son. A duty of over 
116,600,000 from a direct-acting engine is without precedent. 

In seeking the source of this economy we, of course, at once 
note the exceptional head which, by reducing the proportion of 
loss at the valves and in the passages of the pump, gives, other 
things equal, some advantage in duty, and the low friction of 
pumps consequent upon their friction-producing parts working in 
an oil-bath. The low figure for slip must be attributed to excel- 
lence of design and construction. But setting aside the fact of a 
friction of pump falling inside 47, a slip less than 1}%, and a head 
equivalent to one-third of a mile, it is still evident that the steam- 
end and its recent improvements are to be credited with the main 
portion of the gain in economy lately made and here illustrated. 
The equalizing mechanism permits the practical employment of 
a ratio of expansion equal to that adopted in the best forms of 
modern high duty engines of other types. Its perfection is per- 
haps best exhibited by the uniformity of stroke-length shown so 
prettily by Prof. Webb’s ingenious and simple register; while the 
delicacy of the balance sustained throughout the stroke is shown. 
by the behavior of the engine with and without jacket. I observe 
that the temperature of the hot-well is kept well down, presuma- 
bly to secure a good vacuum; but it would be interesting to— 
ascertain whether, on the whole, a warmer condenser and hotter — 
feed would not give still better economy. With the usual con-— 
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struction, involving rubber valves in the air pump, it is often im-— 
practicable to carry the condenser very warm; but I am strongly 
of the opinion that the temperature of best effect, especially with — 
high pressures of steam, would be found above that commonly 
adopted, in many cases at least. 

I am glad to get some facts relative to the behavior of this 
engine with and without its jacket. It has been a perfectly well- 
known fact for a long time that the jacket of the Worthington 


engine had a special office aside from economic, in giving a better — 


probably not very doubtful before. 

less waste by internal condensation, and economy would seem to 
be inevitably the consequence. We here find that 15¢ of the | 
steam does its work through the jacket, producing a gain of 20¢, 
at the same time keeping up the terminal pressure, giving smoother 
and better engine speed, and reducing the annoyances and dan- 
gers of water in the cylinders. Hirn’s phenomenon, the gradual 
modification of the action of the internal walls of the cylinder, as 
the jackets are thrown on or off, shows in turn, as it seems to 
me, the truth of Rankine’s description of the process of initia- 
tion of this action in part at least. It is a striking way of stating 
the effect of jacketing here to say that the steam used by way of 
the jacket saves its own value and a third more besides, while 
its duty is 75¢ higher than that used directly by way of the 
steam-ports. Evidently, the larger the proportion that the en- 
gine can be thus persuaded to accept in the ordinary case the 
better. 

This is, to my mind, one of the most interesting and instrue- 
tive cases which has ever been reported to the Society, and all 
concerned should be most heartily and cordially congratulated. 

Mr. Fk. Meriam Wheeler.—This paper may be considered 
as probably one of the most attractive of its kind that has 
ever been presented, and is of special import to many of the 
pump builders present, and those interested in moving large 
bodies of liquids under heavy pressures. Prof. Denton, with 
his usual care and thoroughness, has certainly given the So- 
ciety a very complete paper. There are one or two points, 
however, about which I wish to speak. First, the remarkable 
fact that he got so steady and so greatastroke At the Rich- 
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-mond meeting, in discussing the subject of the testing of pumping 
engines, this matter of stroke came up, and I made a few points 
at the time and quoted several pumping engines which I had seen 
in operation of the direct-acting type where the strokes were 
quite variable. The point I made was that each and every stroke 
of the pumping engine should be recorded during the test by 
some simple instrument designed especially for the purpose. 
Taking a rule measure and laying out the stroke, and every ten, 
_ fifteen, or twenty minutes taking a reading, is not the proper way 
to get the correct average length of stroke of a direct-acting 
pumping engine. I am therefore very glad to see a proper 
“length of stroke recorder,” as the one brought out so promptly 
and used on this test, and would like to ask Prof. Denton if it — 
was designed by himself or a device produced by his clients. Of 
course, we all know that ordinary hydraulic-pressure pumps work 
up to pressures greater than what this oil-line engine pumped 
against; still, it will strike the average layman with surprise to 
learn of a pump of this kind working day and night against a 
_ pressure equal to a head of about 2,000 feet of water. I am sur- 
_ prised at the small amount of “ slippage” shown, as under heavy 
_ pressures, with a material like petroleum, which carries with it a 
great deal of sediment and sand, it is very hard on the valves and 
plungers. The great trouble is to keep the efficiency of the 
pumping engine up in that respect, as the material pumped is so 
hard on the valves, ete. Another remarkable thing about this 
engine is its high steam economy, considering the very low rate 
of piston travel. I cannot find readily in the paper where the 
speed is stated, and would like to ask Prof. Denton what it was. 
Mr. Geo. Il. Barrus.—\ wish to add a word to the discussion, 
complimenting Prof. Denton on the character of the report of this 
test, which is most admirable in every way. Prof. Denton gives 
an object lesson at the same time that he describes his test, by 
the full illustrations of the locality where the engine was placed, | 
the various views of the engine itself, and much of the apparatus — 
used in conducting the tests. He has done the same thing in 
much of the other work which he has presented to the Society, 
and he should be thanked for adding to his reports so much, in 
the way of elucidation, which pictures furnish. ‘The report gives 
full description and dimensions of the engine, together with vari- 
ous tables and diagrams relating to the work of the test, all of 
which give a complete idea of the performance. Among other 
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points of interest which can be specially commended, may be © 
mentioned the combined diagrams, which are carefully worked 
out; the graphical charts, which show the full log of the records 
taken during the tests ; and, finally, a summary, which closes the 
paper, giving the gist of the results. Prof. Denton should also 
be thanked for the work which he did in integrating the lengths 
of the strokes by means of the instrument designed by Prof. 
Webb, which is of special interest at this time on account of the 
work just completed by the Duty Trial Committee. In looking 
over the table of results, it is gratifying to see that the duty is 
expressed on the basis of the recommendation of the committee 
referred to; that is, on the basis of 1,000,000 heat units consumed. 
Altogether, the test and its report is a model one, and I wish to 
congratulate the author on his work. 

Mr. E. F. C. Davis.—Would Prof. Denton give us some idea 
how that accuracy of stroke was arranged for ? 

Prof. Denton.—There was no special arrangement about the 
pump to secure the remarkable constancy of stroke. It was 
attended by one man, who was not interfered with at all or in- 
structed, and, so far as I could judge, it was the natural tendency 
of the pump to maintain its length of stroke as uniform as re- 
corded. We worked about the station for upward of three 
weeks, so that I am certain it was under ordinary conditions. 

In answer to Mr. Wheeler’s inquiries : 

The piston speed was 126 feet, and the integrating apparatus 
was designed by my colleague, Prof. Webb. Regarding the per- 
fect action of the valves, resulting in such small slippage, I would 
say that the valve seats were of rubber, and the systematic record 
of the delivery enabled their leakage by wear to be maintained at 
a minimum by the renewal of the seats. I am under obligations 
for the courteous manner in which the paper has been discussed. 
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«Seat TRANSMISSION THROUGH CAST-IRON PLATES 
PICKLED IN ACIDS. 


BY DANIEL ROYSE, ITHACA, 
(Junior Member of the Society.) 


THE writer has recently made some experiments upon plates 
pickled in dilute nitric, hydrochloric, and sulphuric acids. Inas- 
much as these experiments were a continuation of those made by 


Water 


Plate 
Steam 


Fig. 225. 


Prof. R. C. Carpenter,t the title given to this paper is the one 
under which he communicated his results to the Society. 

The calorimeter used in making the comparisons is shown in 
section in the accompanying illustration (Fig. 225). The lower 


* Presented at the Providence meeting of the American Society of Mechan- 
ical Engineers (1891), and forming part of Volume XII. of the 7’ransac/ions. 
+ Presented at XXIId Meeting, Richmond, November, 1890, page 174, Vo!. XI. 
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urements, the plate through which the heat is to be transmitted 
forming the top. The upper portion consists of a frame or bottom- 
less box, 4.5 x 7.5 inches inside and 3} inches deep, which is placed — 
above the plate, and covered with a lid as shown. 

The lower compartment is supplied with steam through a }-inch 
pipe, c, and is drained through the pipe d. In one side a ther- 
mometer, 7’, is inserted—making an angle of 45° with the ver- 
tical—so that the bulb is near the centre of the box. Above the 
plate, water enters through a pipe, a, placed in the lid, its tem- 
perature being taken by the thermometer /, and flows over the 
plate and out at the pipe ), the thermometer ¢ registering the 
temperature at which it leaves; / is a tin bafile-plate. 

The method pursued was to turn on the steam and water and, 
after the temperatures as indicated by the thermometers became 
constant, note the time and weigh the water which flowed through 
in half an hour, reading the three thermometers at intervals of a 
minute. Owing to an imperfect mixing of the water the temper- 
ature of the outflow was not absolutely constant, the maximum 
variation being about 2° Fahr. 

To compute the heat transmitted : 

Let M represent the weight of water flowing through the calo- 

rimeter in pounds ; 
represent its mean temperature at entrance; 
T' “ mean temperature in steam chamber, es 

and a “ area of plate exposed to steam below and w 
above, in square inches. 

Then = M(t — is the heat transmitted in-B.T.U. ; 

mean temperature in water chamber ; 
q = Q+(T'—T) is the heat transmitted per degree 
difference of temperature, 
and g = K xq’ is the heat transmitted per square foot per 
hour per degree difference of temperature between 
bas ey the two fluids bounding the plate, 
2 288 


where A = -; since each run lasts } hour. 


a +144 
The value of a varied somewhat in different experiments, be- 
cause the rubber packing was expanded laterally, thus reducing 
the effective area of the plate to a slight extent. 
The temperature of the steam chamber was close to 212° Fahr. 


during all the experiments, though the rate of flow of water and, 
hence, ¢’, (t — 7), varied considerably with different 
‘runs; being, however, constant for any particular one. 
_ (T'—T) varied from 145° to 165° Fahr. in different experiments. 
Experiments were made upon nineteen plates, six pickled by 
_ Prof. Carpenter, which were immersed in different acid solutions 
of various strengths for different lengths of time. Of these, ten 
were rough and nine planed on both sides. Two others planed 
on one side only were also used. 
The depth to which any plate was attacked by the acid may be 
approximately computed by knowing its loss of weight and the 
extent of surface exposed to the acid. Each plate was 5.5 inches 
_ by 8.5 inches and the thickness was from one-quarter inch to one- 
half inch, according as whether planed or rough, and the super- 
ficial area of each was about 106 square inches. Since a cubic 
inch of cast iron weighs .26 lb., a loss of weight of .01 lb. means 
that it has been attacked to a depth of( 01 x $8) + 106 = .00036”. 
All plates pickled by the writer were immersed in a vertical 
position, there being 11 lbs. of the solution to 318 square inches of 
surface of iron. From the atomic weights of the elements involved 
it was computed that in the 5% and 10% solutions only about one- 
third of the acid was consumed in attacking the iron. In all cases 
the effect of the treatment was to form a coating or scale, black in 
color, upon the surface of the plate. This, presumably carbon or, 
— in the case of rough plates, a mixture of carbon and silicates, was 
quite adhesive, but easily removed with a knife. Plates pickled 
in nitric acid, when removed, were black in color, while those 
_ which had been treated with hydrochloric or sulphuric acid were 
quite rusty when removed. 
The loss of weight of the plates when pickled in the latter acids 
was about twice as much as when a nitric solution of the same 
strength was used. 
In Table L are shown the results of all the experiments made 
by the writer, the qualities Q, 1 q ren of weight and depth 
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ment being given. 
ru. 


Heat transmitted 


ft. 


per de 


ver degree dif- 
erence of tem- 
perature, q’. 

er sq. 
difference of 


Heat transmitted, 
Heat transmitted 


temperature, 
Depth attacked in 


m | No. of plate. 


Planed on one side only. 
side exposed to steam, 


| No. of experiment. 


Planed on one side only. Planed 
side to 


Planed on one side. Rough side ex- 
posed to steam. 


posed to steam. 


| Planed on one side. Planed side ex- 


= Both sides planed. 


-1@ | .0086 | After being immersed in 10¢ nitric 
acid for 10 days. 


Bo Both sides planed. 


After being immersed in 10% nitric 
acid 20 days. 


| 
| Both sides planed. 


After being immersed in 10¢ nitric 
acid 30 days. 


Both sides planed. 
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A 
DESCRIPTION. if 
| 
213.2 29.0 tough 
14.9 29.1 | 
971.0 28.5 j 
| 
1 | 4682.2 | 31.3 
2 | 3461.0 26.8 
3 4785.4 | 32.3 
4 4299.7 30.8 q 
5 4291.5 30.7 
6 8734.5 | 20.2 
7 4763.3 | 30.7 ¢ 
5 4485.7 28.6 259.5 a 
| 
| 
1 4222.8 26.6 | 226.6 
3 4037 26.7 227.9 
Mean | 224.1 
1 4901.0 | 24.5 209.3 10 
2 4002.3 25.2 215.3 
3 3954.4 25.3 215.7 
2 | 488.7 | 25.9 
3 4775.1 30.0 Zi2.2 
4 4649.2 30.0 271.9 
5 | 5058.8 | 82.1 290.9 
Mean | .. 278.0 
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TABLE [,—Continued. 


ve 
of 


mperature, q. 


per 


dif- 


ft. 


DESCRIPTION, 


transmitted 
sur per degree 
fference 


per degree 
ference of tem- 


perature, q. 


No. of experiment 
Heat transmitted, 

inches. 


Depth attacked in 


’ 
di 


Heat 
| Loss of weight in 


| No. of plate. 


After being immersed in 5¢ nitric 
acid for 10 days. 


After being immersed in 56 hydro- 
chloric acid for 15 days. 


- 


Both sides planed. 


After being immersed in 5¢ nitric 
acid 20 days. 


One side varnished and dried 2 days. 
| Varnished side exposed to steam 


Both sides planed. 


| 
After being immersed in 59 nitric 
acid for 30 days. 


.0011 | After being immersed in 16 nitric 
acid 10 days. 


After being immersed in 5% sulphuric 
acid 15 days. 


After being immersed in 1s nitric 
acid 20 days. 


1018 HI 
4 : 
i | 
| 
1421.7 
3 4137.0 | 27.1 
1 4321.9 W.7 236.5 13) .0047 
2 4330.9 27.8 937.0 |......|.... 
3 4487.9 28.4 242.1 
1 | 4053.2 26.5 240.4 
1 | $756.1 | 23.0 196.3 06 | 002% 
2 23.8 208.6 
3 | 3681.7 | 238.0 
2 2413.2 | 14.8 
4339.4 | 83 W2 |...) 
2 4513.7 | 29.5 
1 | 3587.7 22.7 193.4 08 | 
2 3679.8 23.3 198.8 
3 | 3694.8 | 24.0 
= 
6 1 | 4815.5 27.2 | 247.2 Both sides planed. 
1 4344.6 | 28.2 240.3 .0 
2 4245.8 | 27.6 235.8 |.... 
238.0 |.... 
1 4561.9 28.4 242.5 16 | .005 
2 4386.2 27.3 
2 8877.6 | 25.5 
3 4107.8 | 26.8 
: 1 | 4354.9 | 28.9 246.7 03 | .001 
2 | 5106.8 | 31.6 
3 5056.4 | 31.5 
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TABLE 1.-—Continued. 


transmitted 
of 


dif- 
of tem- 
per 
temperature, q. 


ft 
per degree 


DESCRIPTION. 


transmitted 


= 


erence 
difference 


= degree 
perature, 
eat 

wr sq. 
Ibs. 

inches. 


| Heat transmitted, 
Heat 
Depth attacked in 


| Loss of weight in 


After being painted with coach var- 
nish and dried 2 days. 


— | No. of experiment. 


| No. of plate. 


Zz 


Planed on both sides. 


After being immersed in 1¢ nitric 
acid 39 days. 


Rough, as from foundry. 


After being immersed in 10¢ nitric 
acid for 1) days. 


| After being painted with coach var- 
nish and dried 3 days. 


..see.| After scraping off such of the var- 
| nish as was loosened by the ex- 
posure to steam at previous trial. 


| Rough, as from foundry. 


} 
0s | .0029 | After being immersed in 10¢ nitric 
ve ee acid for 20 days. 


After being painted with coach var- 
nish and dried 3 days. 


Rough, as from foundry, 


| After being immersed in 10¢ nitric 
acid for 30 days. 


i 
= 
5.6 | 12.0 
8.7 10,1 
| 2992.6 | 25.9 4.8 
3 | 4333.0 | 253.7 
| | 
1 | 5374.6 | 34.5 24.4 
| 
9 1 4160.0 | 26.7 |... 
1 | 3968.6 24.5 209.0 .09 | 
2 4011.5 4.6 210.0 
| } 
2 | 14768 | 89 
1 | 1 | 3847.2 | 22.4 
1 3284.8 | Wl 182.6 
2 3170.7 19.4 176.3 
3 | 2972.0 18.7 171.6 
Mean | we 176.8 
1 | 1625.3 | 9.9 84.2 
12 | 1 4098 .4 25.5 231.2 
2 4083.8 | 26.4 
2 3414.5 | 2.7 
3 3614.8 2.6 | 192.7 eoeesefersese 


we 
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TABLE 1.—Continued. 


Desentrrion. 


gree dif 

f tem- 
perature, q’. 

ft. per 

r degree 


sq. 


1our pe 
differenceof 
temperature, q. 


per de 
ference 
inches. 


No. of experiment. 
Heat transmitted, 

Heat transmitted 
Heat transmitted 
Loss of weight in 
Depth attacked in 


| No. of plate. 


After being painted with coach var- 
nish and dried 3 days. 


| Rough, as from foundry. Pickled in 
1g nitric acid 9 days. 


Rongh, as from foundry. Pickled in 
1g nitric acid 18 days. 


Rough, as fromfoundry. Pickled in 
1g nitric acid 40 days. 


Rough, as from foundry. Pickled in 
5s nitric acid 9 days, 


Rough, as from foundry. Pickled in 
56 nitric acid 18 days. 


| 
Rough, as from foundry. Pickled in 
58 nitric acid 40 days. 


After being immersed in 5% sulphuric 
acid 15 days. 


Rough, as from foundry. 


After being immersed in 5% hydro- 
chloric acid 15 days. 


j — = 
E 1 4178.9 25.9 234.8 Sadatee 
2 4183:5 26.6 
3 4064.7 26.5 | 240.6 
4 4339.8 | 27.1 246.2 
2 3900.5 25.2 23.1 
3 | 43375 | 6.5 
F 1 | 30.7 | 244 
3 3826.7 24°0 
N | 1 4432.2 27.4 243.1 
4 | 4270.7 | 27.6 244.9 
K | 1 | 4042.0 | 2.1 | |......)... 
2 3951.7 24.4 217.2 
4 3790.2 24.6 220.7 
P 1 | 3353.8 | 20.7 183.8 |. 
2 | 3617.9 | 199.1 |. 
: 3 | 8485.2 | 22.5 
| 
ary 1 3950.3 24.4 208.3 11 
2 3979.6 24.6 209.8 
13 1 3984.9 | 24.0 | 
2 3858.5 | 24.9 
| 
1 4058.8 | 24.8 
2 4024.7 24.9 
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Tt will be noted in the foregoing table that the heat transmitted 
through unpickled planed plates varies from 278.0 to 232.1 B.T.U. 
per square foot per hour per degree difference of temperature of 
the bounding fluids. The writer attributes this variation to some 
plates being rougher than others; to the rust which accumulated 
on the surface exposed to the water; and also to a different 
amount of the water of condensation clinging to the surface 
exposed to the steam during different experiments. These latter 
difficulties could not be obviated with the apparatus used. In 
computing the reduction which the treatment effected in the 
amount of heat transmitted, all planed plates will be compared 
with No. 1, which transmitted 278.0 B.T.U. Similarly, rough 
plates will be compared with No. 9, which transmitted 240.8 
B.T.U, 

It is important to mention that before plates .V, A, P, £, B, and 
F (pickled by Prof. Carpenter in spring of 1890) were placed in 
the calorimeter the heavy coatings of rust with which they were 
covered were scraped. off, and very probably in this operation 
a portion of the carbon left on the surface by the acid treatment 
was also removed. This will account for the marked difference 
between the results which were obtained from the same plates, as 
shown by curves V. and VII., and by VI. and VIII. 

Table IT. gives the heat transmitted by each plate in percentages 
of that transmitted by plates 1 and 9, as before explained. It is 
necessary to make the comparisons by percentages because the 
calorimeters used by Prof. Carpenter and the writer do not admit 
of direct comparisons of the quantity q, it being in one case 278.0, 
and in the other, under other conditions, 113.2 B.T.U. 

From the data given in Table II. the curves shown were plotted 
with percentages of heat transmitted as ordinates and days of 
immersion as abscissie, cases No. 1 and No. 9, the untreated plates, 
being taken as unity. 
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TABLE IL. 


Solution in which Rae 


immersed 


Days of immersion. 


% heat transmitted. 


Untreated. 


10% nitric 


>» Curve L 


Curve II 


a Curve IIL. 
{ Peculiar results, but believed to be accurate 


Untreated 


10% nitric 
Curve IV 


t Curve V. From Prof. Carpenter's results. 


| t Curve VI. From Prof. Carpenter's results 


| Curve VIL. 

| 

Curve VIII. 


After removing rust as explained 


5« hydrochloric Rough. ) 
Both sides planed. | 

{| Marked by numbered points — 
aie | on sheet of curves 
5¢ sulphuric. | Rough. 
Both sides planed. J 


Both sides painted with coach varnish. 


One side varnished. 


» if 
3 
| 
1 100.0 | 
X1 81.0 10 
X2 76.7 20 
X3 79.0 30 
1 | 85.9 10 
2 71.4 20 
3 | 71.6 30 
8 103.9 _ 
9 | 100.0 0 Pe 
11 73.4 2 
12 77.9 30 
N 76.8 | 9 5s ** 
P 68.5 | 40 
E 6.8} 9] * 
B 70.7 18 
F 68.7 40 
Nj| 102.0 | 91 
K 91.0 18 
ba P $1.8 40 
E 10.0 | 9 | 
B 96.7 | 18 
90.6 
; 13 87.9 | 15 | 
1 85.9 15 | 
| 15 | 
6 85.5 | 15 | 
7| 33.8 } | 
9 | 31.7 
11 35 0 i 
12} 32.6 
2 | 46.2 | 
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In these curves (Fig. 256), the only striking discrepancy is 
No. IIL, which is given by the planed plates, in 1% nitric acid. 
From the study of others we conclude that a minimum of heat 
transmitted is reached, in these cases, after about 20 days’ immer- 


Fre. 256. 
sion in a 5% or 10¢ solution, when nitric acid is the attacking 
agent. 

With the other two acids we see that nearly the same result 
was achieved by them with a 5% solution and 15 days’ immersion 
as with a 5¢ nitric acid solution and 10 days’ immersion. 

When both sides of the plates were varnished it is shown 
ths at, on an average, but 38¢ as much heat was transmitted as 
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when the plate was untreated. The reduction was practically the 
same with planed as with rough plates, but it was found that the 
varnish adhered much better to the rough plates, and especially 
if they had been pickled before applying the varnish. 

It must be borne in mind that the percentages given in Table 
II. are for plates having both sides attacked by the acid. The 
probable effect with one side only treated may be found as fol- 
lows : 


Assume each surface to present the same resistance to the 
transfer of heat through it and denote by a the fraction stopped 
by the first surface; then the second surface will stop the same 
fraction of what passed through the first, or 2 (1 — w) of the whole. 
Denote by y the fraction of the heat which passes through the 
plates ; then we have the equation : 


Consider plate No. 2 after being pickled in 5% nitrie acid 20 
days: — y equals .714, hence x = 1 — 4/.714 = 1 — .845 = .155. 

Next, the side exposed to steam was varnished. It must be 
noted that the effect of the varnish is not superposed upon that 
of the acid, but that when it is applied the result is inde- 
pendent of any previous treatment which the surface may have 
undergone. ‘This is seen in the results obtained from the var- 
nished plates. Also Mr. P. M. Chamberlain found (1890) that 
varnish applied to one side of a plate otherwise untreated reduced 
the heat transmitted 41.9%, which, as we will see, agrees very 
closely with the results shown below.* 

Let the effect of the varnish be to intercept a fraction, 2, of the 
heat; then for No. 2 we have 

2.4 155 (1 —z) = 1 — A617; 
hence, z = .454, or the single coating of varnish intercepts 45.4% 
of the heat. 

Apply the equation « = 1— 4/y to the results obtained from 
the four plates varnished on both sides, and we have for the re- 
duction of heat transferred, which would occur were one side ouly 
varnished and the other left untreated, the following values: 


* Trans, Am. Soc, Civ. Engrs., Vol. XXIIL, July, 1890, No, 444, ‘‘A Practical 
Method of Reducing Internal Wastes in Steam Engines,”—R, H. Taurstoy. 


; po is ultimately, of course, that of ascertaining the possibility 
of applying this method of retardation of heat flow to the reduc- 


For No. 7, 41.94 
9, 43.7 
11, 40.9 
12, 43.0 


Mean, 42.44% - 1 oom 


It is salle that when, as is now proposed, this treatment is 
applied to the surfaces bounding the clearance spaces of a steam- 
cylinder, the extent to which the iron, so treated, will store and 
restore heat, introduced into the engine by the steam, will be 
diminished about 407, and thus some practically useful reduction 
of the internal wastes will be effected. In the engine the varnish 
is relied upon to retard this interchange of heat, and the altera- 
tion of surface produced by the action of the acid is expected to 


render the varnish more adhesive and permanent. 


DISCUSSION. 


Prof. R. H. Thurston.—The purpose of Mr. Royse’s investiga- 


tion of the heat wastes of the steam-engine and other motors. 
The theory is simple and obvious: The waste which we are now 
most interested in reducing is that which results from the tem- 
porary storage of heat from the entering steam, and its later 
rejection from the metal of the cylinder walls, without application 
to the production of useful effect. This process is facilitated by : 
high specific heat and high conductivity as well ; it is checked by 
reduction of either specific heat or conductivity, or both. Make 

the conductivity zero, and the heat cannot enter the metal; make 7 
its specific heat zero, and the metal can store no heat ; reduce both, 
and the waste varies as some function of their peoduel, or the 
product of some function of both. This is an attempt to secure 
improvement by reducing both. Should it prove possible thus 
to modify the physical state of the interior of the engine to any 
extent, this now serious loss by “cylinder condensation” would 
be correspondingly lessened. 

It is, of course, impossible to apply this process to the internal 
surfaces, so far as they are exposed to friction of the piston; but 
as the waste takes place mainly at the beginning of the stroke, 
and as the rubbing surfaces there constitute but a small fraction 
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of the area wasting steam, it would seem possible, by thus treat- 
ing the surfaces of the piston, the heads, and the port-spaces, the — 
real heat-wasting areas, somewhat to reduce the loss. As we do 
not know just what part the moisture in the engine and adhering | 
to its inner walls may play in this matter, it remains very uncer- 
tain to what extent even effective treatment of these metallic sur- | 
faces may prove useful, until the experiment is tried. These 
experiments, and those of Mr. Chamberlain and Prof. Carpenter, 
already described, show a possibility of reduction to the extent of — 
40% by even the imperfect process thus far applied. This would 
mean the reduction of the expenditures of heat and steam in 
the engine, could it be thoroughly applied, of from 10% 
unjacketed engines, to 20 and 30¢ 


in large 
, and even more, in small 
sizes. But we have not yet found a way of securing that con- 

dition of surface which is practically attainable, and the results” 
reported must be taken as representative of the most superficial | 
and incomplete treatment. I have seen iron altered as here in- 
tended to the depth of half an inch, and even an inch. In these 
cases we have only secured what we seek in the most superficial 
manner. 

Since this paper was forwarded, Mr. Royse has completed his’ 
first series of applications of the Hirn and Dwelshauvers analysis — 
to a little 6 H.P. engine, and, after so adjusting the machine as to 
secure the best performance in its history—about 40 lbs. of steam 
per horse-power per hour—applied this process, and at the first 
attempt, superficially as was the metal affected, secured a gain of 
10% in the steam consumption. Mr. Emery has long since done | 
much better than this by other methods, and it seems to me that 
the outlook in this direction is by no means unpromising. Should 7 
the matter prove to interest members generally, we will endeavor — 
to give the facts in some detail at another time. I am not at all 
sure that the particular method proposed by me will prove prac- 
tically useful; but I think it probable that it may, and am very 
confident that, in some way and by some method, this now 
burdensome tax on the engine and its users will be removed, and 
before very long. 

Prof. R. C. Carpenter.—This experiment being a continuation 
of one communicated to the Society by myself,* and to a certain 
extent under my auspices, has naturally attracted the most lively 
interest on my part. In the discussion of my paper, read at the 


* American Society Mechanical Engineers, 7ransactions, Vol. XI1., page 174. 


Richmond meeting, several eminent engineers* predicted that, 
while the investigation might bear fruit by application in certain 
directions, it was a waste of time and effort to expect to reduce 
the loss of heat in the steam-engine cylinder, as claimed by Prof. 
Thurston, and made the subject of a patent, by any treatment 
or similar device. The objections, although considered of very 
great weight, seemed to the writer to be founded largely on a 
misunderstanding of the method of treatment proposed by Dr. 
| Thurston, and of the action of the proposed covering of the metal, 
_so I proposed to continue the investigation, but at my request Mr. 
\ Royse relieved me of further experimental work, promised in my 
previous paper, and continued the investigation as previously 
planned. 
The plan of this investigation was, first, to find that surface 
treatment of a plate which, if not subjected to the wear from 
_ rubbing surfaces, would remain fairly permanent in an engine cyl- 
Inder, and would be most efficient in reducing the flow of heat. 
Second, knowing how to treat the surfaces of castings, this 
method was to be applied to an actual engine, and the effect 
determined by a comparison of careful tests made before and 
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after the treatment. 
What has been done in the first part of the investigation is 
now before you; it is imperfect, in that the field of experiment has — 
. been very limited, and it is probably true that other methods of 
treatment may be much more efficient than the ones investigated ; 
but Mr. Royse has shown that the proposed treatment may re- 
duce the flow of heat, as compared with an untreated plate, some 
30% by treatment with acid alone, and nearly 70% by treatment 
. with acid and a drying varnish, thus verifying the results 
obtained by previous experimenters. 
Mr. Royse has gone further than this, although the later results 


are not given in his paper. He has carried the application of the 
method to an actual engine. 

The engine used was a small plain slide-valve engine with — 
throttling governor, known locally as the Payne engine, and used 
to a great extent in laboratory experiments. The diameter of 


good condition, and had been previously tested within a few 
months, thirty or forty times, in class exercises, so that its usual 


* American Society Mechanical Eugineers, Transactions, Vol. XII., page 180. 
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economy was well known, and the steam consumption per I.H.P. 
had varied in these tests, under different conditions, from 45 to 
60 lbs. 

The first test was made by Mr. Royse, April 13, 1891, the 
method of testing being exactly as described in my paper, 
CCCCLI.,* “Application of Hirn’s Analysis,” as presented to this 
meeting, and a figure of the engine as arranged for the test is 
shown on page 809, Fig. 236 of that paper. 

i The power was absorbed by an Alden brake.t 

A valve with an early cut-off was selected, and all the load that 
the engine would carry was put on the brake, without losing 
speed, and this load was kept constant throughout the test. The 
condensed steam and condensing water were carefully weighed 
on calibrated scales, and every precaution taken to prevent error. 
The calibration of indicator springs, gauges, and thermometers is 
shown in the complete record of the test. The result of the test 
was a steam consumption of 39.351 lbs. per I.H.P., and of 55.351 
Ibs. per brake horse-power, which was the best result ever yet 
obtained with that engine in any test, due, no doubt, to the load 
being sufficiently heavy to counteract any throttling effect of the 
governor. A copy of the card obtained is submitted with the 
test. 

The working parts were then removed from the cylinder, and 
the sides protected by coating with paraffine, not acted on by 
dilute acid. The cylinder was then filled with a 10% solution of 

_ nitric acid, arranged to act on the clearance spaces, steam-ports, 
a heads of the cylinder. The piston, with rings removed, was 
similarly treated in a bucket containing the solution. 

After the expiration of twelve days the acid solution was re- 
- moved, and the cylinder was thoroughly cleaned ; the heads and 
ports and piston were then given a heavy coat of varnish, and the 
engine put together in the same condition as before the treatment. 
It was then tested in exactly the same manner as before the 
treatment, on date of May 1, 1891, giving as a result a steam con- 
sumption of 36.0413 Ibs. per LH.P., and 47.8022 lbs. per brake 

horse-power. 
A sample of the resulting cards is given with the data of the 
test (Figs. 328-331). The result shows an increase in efficiency 
* American Society Mechanical Engineers, Transactions, Vol. XI1., page 790. 


+ American Society Mechanical Engineers, Transactions, Vol. X1., page 959. 
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respecting consumption of water, reckoned from the I.H.P., of 
8.41%, reckoned from the brake horse-power, of 18.5%, this differ- 
ence being due to the fact that the friction on the second trial 


was less than on the first, due probably to new and better lubri- 
cated packings. The I1.H.P.was essentially the same in both trials. 
To ascertain whether or not there was in reality any saving of 


= 
_ DIAGRAMS FROM PAYNE ENGINE. 


No.5, April 13, 1891. 
Revs.197 \.H.P.6,863 Steam pres. 84.36 abs. 


= 


93 


Fic, 328, 


heat due to this treatment, Mr. Royse applied the methods of 
Hirn’s analysis to both these tests, in which he took into con- 
sideration every diagram taken, and in which he checked up the 
numerical results to four decimal places. He used in the test 
the calorimeter described in Paper CCCCLI. for measuring the 


quality during compression, and in his calculation this result 


| 
—- 
M.E.P, 315 
| 


| 
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checked exactly with the measured quality. The methods of 
calculation are fully explained in that paper. 

From his figures, which are submitted in full, it is seen that 
the initial cylinder condensation—which is denoted in the sum- 
mary as “heat lost, admission ”’—was, in the first trial with the 


No.4, May 1, 1891, 


Revs.205 |.H.P.6,617 Steam pres. 86.3abs. 


Fig. 331. 


untreated engine, 42.893% of the total heat admitted, and in the 
second trial, with the treated engine, 36.403¢, thus indicating a 
reduction of this loss of 15.1%. As shown in the summary, the 
heat restored and rejected is sensibly less. The thermodynamical 
efficiency was computed from data obtained from the indicator 
cards, and shows slightly in favor of the first trial. Had this 


| 
1 
a 
H 
M.E.P, 26.5 
| | | 
Fic. 330. 
° 
bis | 
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' been computed from the pressure and vacuum gauges, it would 
have been the same in both cases. 


The actual efficiency, or the work done compared with the heat 
supplied in B.T.U., was 5.518% in the first trial, and 6.086% in the 
second trial, thus showing a gain due to the treatment of over 
10% on that basis of computation. 

Mr. Royse is entitled to much credit for the care with which 
these experiments have been performed, and for the exhaustive 
analysis made of the results. His investigation serves to show 
not so much the absolute value of this method of reducing cyl- 
inder condensation, as ‘t does that there is a promising field for 
investigation to the American engineer in this direction. 


le 
q 
CALIBRATION OF INSTRUMENTS. 


STEAM-ENGINE INDICATORS. 


HEAD. CRANK. 
| Apr. 13. May 1. Apr. 13. May 1. 
Maker's Name: Ashcroft. Bachelder. Ashcroft. Bachelder. 
Maker’s Number.......... Tabor, 782 111 Tabor, 781 110 
Scale of Spring .......... 40 40 40 40 
Number of Spring........ B. A. 
4:20 F 5:2 4:20 5:1 
How Tested.......... eal Dead Weight. Dead Weight. 
Per cent. Error.... ...... | 0 0 0 | 0 
STEAM-GAUGES. 


| | | 
MAKER. Positron. NUMBER. | How Testep. 
| 
| | 
| 
4:13 Ashcroft....... Steam-chest. 6,883 | 5 4:15 | Mercury Column. 
5:1 Crosby.........| Steam-chest. | 65,985 © 5:2. | Mereury Column. 
| 2} | 
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THERMOMETERS. 
| Pornr. FREEZING Point.) 
| | Read- Per — 5 
4 ing. |Barom, =: | 
4:13 External Air & Engine Room 5,490 |209.4 210.77 —1.8731.732.0 .7 
4:13 & 5:1 Condensed Steam..... 5,495 209.7 (210.77 —1.0731.832.0 .8 
4:18 & 5:1 Injection Water...... 5,500 209.7 210.77 —1.07 32.0382.0, .0 SF 
4:13 & 5:1 Discharge Water..... 5,504 209.6 |210.77/—1.17'31.932.0) .1 R= 
Exhaust Steam... ....... 5,262 210.8 210.77 — .0882.052.0) .0 3g 
4:13 Calorimeter, compression . .| 5,258 |211.3 .53382.032.0) .0 
‘alorimeter, Steam-chest. .| 5,260 210.8 210.77'— .03382.032.0 .0 
xhaust Steam........... 5,966 210.0 '210.62;,— .6232.032.0 .0 +5 
5:1 Calorimeter, compression. . .| 6,942 210.62 210.62, 32.032.0 .0 
Calorimeter, Steam-chest .. 6,955 62 .O \32. 


032.0 | 


APRIL 13, 1891. 


DATA AND RESULTS, 


| Test of steam-engine, made by Daniel Royse, at Sibley College, C. U. 


Volume cylinder, crank end 
Volume, 


feet, 
Clearance in per cent. of stroke........... 
Pressure by gauge, steam-chest.... ...... 
Pressure absolute, steam-chest............ 
Quality of steam in steam-pipe............ 
Quality of steam in compression .......... 
Weight of condensed steam per hour...... 
Barometer. ....... 

Boiling temnperatare, | pressure, 
Steam used during run, pounds........... 
Quality of steam in steam-chest........... 
Quality of steam in exhaust .............. 
Pounds of wet steam per stroke........... 
Temperatures condensed steam ........... 
Temperatures condensin: water, cold.... 


Slide valve, throttling. 
6.06 inches, 
8inches, 
1,5; inches, 
12921. 

.13354. 
01744, 
13.06. 
.01616. 


79.155, 


259.92. 


29.276 inches. 
210.70. 


716.4240. 

9941. 

9021. 

.0109707. 

0109383. 

108.475° = Sg. + 32. 


42.758° = Si. + 32. 


2 
1 OF HIRN’S ANALYSIS. 
=. 
> te 
q 
12.51 
64.81 


To denote different portions of the stroke, the following subscripts are 


used : 


Admission, (a); expansion, ; 


are used ; Cut-off, (1); release, (2); 


sion, beginning of, 
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SYMBOLS. 


(0); in exhaust, (5). 


Quality of steam denoted by X,. 


Cut-off, crank end, 
Release, crank end 


per cent. of stroke..... 


Cut-off, head end, per cent. of stroke...... 


Release, head end. 


Compression, crank end, per cent. of stroke 


Compression, head 


end, per cent. of stroke. 


Pounds of steam por 
Pounds of steam per brake H.P .......... 


Lup, $H38.8152) 


Brake horse-power 


1C 8.80545 


exhaust, (¢); 


92.219 


5,044.878. 
212016. 
(C .212274. 


20.544, 
93.958. 
18.963. 
94.971. 
52.341. 
39.770. 
39.351. 
55.314, 
6.6206. 


PLATES. 


compression, (d). 
To denote different events of the stroke, the following sub-numbers 
compression, beginning of, (3); admis- 
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Sk. + 32. 


Si. 


fe —~ 


|| 
Pounds of condensing water per hour. .... 
| 
. 


| | 

| 62 
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DATA FROM DIAGRAMS—APRIL 13, 1891. 


Toran. ADMISSION. EXPANSION, EXHAUST. COMPRESSION, 


Length, 
Length, in 
Length, in. 
M.E.P. 


M.E.P 
M.E.P. 
M.E.P 

| Length, in 


Head. 


= 


tote 

aon 


REP 


wet 


I3. 146 3. 


Mean... 2:. 3.315 3.48 


= 


a 


“eo 


ay te 


wes 


3.31 14.0 36. 


Mean... 29.56 3.305 3.31, 14.34 37.3 


2 


ABSOLUTE PRESSURES FROM INDICATOR DIAGRAMS AND CORRE- 
SPONDING PROPERTIES OF SATURATED STEAM. 


BEGINNING. 
— Symbols. Symbols. 
Com- of Thurston. Peabody. 
pression. |Admiss‘n. 


April 13th, 1891. Cut-off. | Release. 


Absolute Press ead.) 65.5 
Absolute Pressure... ... ank! 23. 5.233 
ad. 268.1796 6474 126.2236 
Heat of Liquid .... Crank 2650437 /205 1! 32.3803 232 
‘Internal Latent Heat...... Head. 8.6758 
-T952 853.72 
Latent Heat Evaporation. 


Total Heat 


f .4758 11 2054 
Vol. 1 Ib. Cu. eee. es 
Volumes, | Ve + Vi 
Volumes, Head, Cu. Ft’ 144284 
olumes, Crank, Cu. Ft 205 . 137563) ‘01616 
Water per 1.H.P. from Diagram. . 
ater per I.H.P., Head, Ibs 
WwW ater per I.H.P., Crank, Ibs 


= 
No. 
= 
> 
|| 
29.0 3.879 3.48 1 
2..../27.3 8.1973.48 12.5 3s, 66 2! 46 
8.... [3.362 3.48 13.2 38.8 | .66 2¢ 
4..../30.4 13.507 3.48/13.2 (35.6 | .66 27 
6,.../29.7 (8.512 3.48 13.1 (36.0 46 
46 
46 
46 
46 
46 
33.46 
P p 
Ss q 
| 
L r 
| A 


| 


PRESSURES 


Compression 
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AND HEAT 


Subscripts. 


Mean 
Pres*ures. 


 Symbols...... 

Admission 

Expansion 


Total 


EQUIVALEN 


Enp. 


External 
Work. 


| Foot Ibs. | 


TS OF EXTERNAL WORK. 


CRANK END 


Exte rnal | 
Work. 


External 
Work 


External 
Work 


B.T.U. 


Mean 
Pre’sures 
Foot Ibs. 


The M.E.P.’s are computed wit! the entire aii of the diagram as a base line. 


APPLICATION OF 
May 1, 


HIRN’S ANALYSIS. 


1891. 


DATA AND RESULTS. 


Test of steam-engine, made by Danie] Royse, at Sibley College, C. U. 


of engine 
Diameter cylinder 
Length stroke 
Diameter piston rod 
Volume cylinder, crank end 
Volume, head end 
a Volume clearance, cubic feet, 
i ‘learance in per cent. of stroke 
Volume c learance, 
_ learance in per cent. of stroke 
Pressure by gauge, steam-chest 
Pressure absolute a 
Revolutions per hour 
Quality of steam in steam-pipe 
Quality of steam in compression 
Barometer. 


Boiling temperature, atmosphere pressure. 
Steam used during run, pounds.......... 


Quality of steam in steam-chest 
Quality of steam in exhaust 


Weight of condensed steam per hour 


Pounds of wet steam per stroke 
Head 


Temperatures condensed steam............ 
Temperatures condensing water, cold 


Pounds of condensing water, per hour.. 


Per stroke 


cubic feet, crank 


Slide valve, throttling. 
6.06 inches. 
8 inches. 
1,3; inches. 
.12921. 
.13354 
.01744. 
13.06. 
01616. 
12.51. 
69.40. 
83.700. 
12393.60. 


1.020. 

29.132 inches. 
210.62. 
586.7041. 
9799 

86209. 


234 000 


.009162:3. 
0097722. 
95.060 

52.065 
87.555 
6091.62. 


(H .237114. 
254396. 


| | 
1056 
¥ We 
it 
4 eee e eee 
= Sg. + 82. 
7 = Si. + 82. 
Sk. + 82. 
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SYMBOLS. 


To denote different portions of the stroke, the following subscripts are 
used : 
Admission, (a) ; expansion, (b) ; exhaust, (¢); compression, 

To denote different events of the stroke, the following sub-numbers are 
used: Cut-off, (1); release, (2); compression, beginning of, (3); admis- 
sion, beginning of, (0); in exhaust, (5). 

Quality of steam denoted by X. 


Cut-off, crank end, per cent. of stroke..... 21.843. 
Release, crank end 94.977. 
Cut-off, head end, per cent. of stroke...... 19.148. 
Release, head end 95.714. 
Compression, crank e: d, per cent. of stroke. 52.153. 
Pounds of steam per I.H.P 36.0413. 
_ Compression, head end, per cent. of stroke. 37.714. 
Pounds of steam per brake H.P........... 47.8022. 
Brake horse-power 4.90943 
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DATA FROM DIAGRAMS—MAY 1, 1891. | 


Tora. ApMISSION. EXPANSION. Exuaust. COMPRESSION. CALOR 
Rie [a ie 1S isi 
26.5 4.1803 |3.50 2.67 1.5 19.6 9.5 5.2 \2.18 |4.1 |.51 
2 26.0 |3.1051 |3.50 2.70 2.0 18.8 9.3 5.2 |2.18 |4.2 |.51 
26.4 (3.1886 13.50 2.70 2.0 19.2 9.2 5.6 (2.18 |.51 
4 (26.5 |3.1648 3.50 2.68 1.5 19.2 9.0 4.4 |2.18 (4.2 |.51 
6 (24.6 (2.9666 3.50 2.68 2.0 19.2 9.3 |2.18 |.51 
(26.4 (3.1886 3.50 2.69 2.0 19.2 9.3 (5.2 2.18 3.9 |.51 
& 26.0 3.1304 3.50 2.66 1.9 19.2 8.6 |4.8 (2.18 |8.7 |.52 
9 (26.3 |3.1869 |3.50 2.67 |1.9 |19.2 8.8 |5.2 2.18 3.8 |.51 
10 (27.1 |3.2681 (3.50 2,63 |2.1 19.6 | 9.1 |5.2 |2.18 |3.7 |.51 
11 |28.1 [3.8887 [3.50 2.67 1.7 19.2 | (9.3 12.18 (3.8 |.51 
— = | — = al — 
Mean 9.0 |3.50 5134.17) 23.8 2.68 |1.86 19.24, (9.14 5.08 51 
Crank 1 29.7 3.4805 (3.46 15.7 |.76 (24.5 600 2.53 2.8 22.8 
2 (30.0 3.4684 3.48 15.8 38.0 |.76 [25.4 638.6 3.3 24.0 
8 (27.8 |3.2455 |8.48 (15.0 [37.2 |.76 |23.3 [58.8 2.54 (2.8 22.4 
4 (29.7 3.43388 (3.40 (16.1 (38.4 |.76 |24.6 638 2 2.! 2.8 22.8 |1.66 |....)... 
6 (27.0 3.1421 3 48 14.3 |.76 23.8 58.0 2.54 3.3 22.0 

7 (28 0 3.2688 3 40 15.3 36.4 |.76 123.8 (61.2 2 22.8 7.7 16.8 |1.67 2 
8 |27.5 3.2007 3.50 (15.3 37.2 |.76 (23.6 |60.8 2 4 @ 
9 27.0 (3.1673 14.7 36.8 |.76 (23.4 56.4 0 og 

10) «129.7 3.4673 3.50 16.6 38.0 |.76 [24.6 63.6 2.56 3.0 22.8 8.5 |1.66 |. | 

(29.7 3.4673 3.47 16.4 (10.0 |.76 [24.8 63.2 (2.58 3.3 20.8 8.2 |7.2 |1.67 |.. 
Mean .. 28.61 3.3351 3.484 15.52 37.62) .76 ‘om 60.88 2.549 3.15 22.48 |7.946.801 667|... | 
ABSOLUTE PRESSURES FROM INDICATOR DIAGRAMS AND CORRE- 
SPONDING PROPERTIES OF SATURATED STEAM. 


| BEGINNING, | | 
—— | Symbols.) Symbols. 
May 1, 1891. Cut-off, | Release. Gom. | Of (Thurston. Peabody. 
pression. | Admiss'n. 
Subscripts used............. ons 1 2 3 | 0 | 
\ Head.) 63.560 19.240 5.080 34.171 
Absolute Pressure........ /Crank, 60/880 | 22.480 6.800 | 37 “620 P p 
Heat of Liquid............ Crank 26372160 202.9887 143.6506 [232 6488 
\ Head. 827.5392 882.9139 932.7329 [857.7864 
Internal Latent Heat...... Crank 829.7642 876.3555 922.7308 (853.3259 I p 
Latent Heat Evaporation...) Crank| L r 
\Head.| 6.6536 | 20.4612 71.6464 11.9256 
Vol. 11b., Cit. Crank) 6.9290 | 17,6848 | 54.5400 | 10.8064 
Ve + V, | Ve + Vo | Ve + Va | Ve + Vo 
Volumes, Head, Cu. Ft........... .043006 145256 . 100627 
Volumes, Crank, Cu. Ft .....-.... 044383 138880) 7083 .016160 
Water per I.H.P. from Diagram... wt 


| 
> 
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MEAN PRESSURES AND HEAT EQUIVALENTS OF EXTERNAL WORK, 


Subscripts. 


Symbols... 
Expansion 

Exhaust 

Compression 


Total .. 


4 


Heap Enp. | 


| External | External | 
Work. | Work. 


| Foot Ibs. | B.T.U. 


Mean Mean 


Pressures 


| W+778 
33.3900 
0.0194 
5970 
225895 


15.520 
24.180 
3.150 
9. 140 7.940 


26.390 28.610 


2999 


M.E.P. 


Crank Enp. 


External 
Work 


External 
Work. 


Pressures — 


Foot Ibs.| B.T.U 


"| 9893 


68 4237 


‘The M.E.P.’s are computed with the entire length of the diagram as a base line. 
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. F. C. Davis.—This discussion seems to have taken na 
turn as to its relations to non-conducting heat in steam- “cy linders. 
I would like to ask what experiments have been made in regard 
to pickling plates for boilers. That is a case in which the acid 
would probably have an injurious effect. The Government re- 
quire all plates for their use to be pickled, and if it is going to 
have this effect in rendering the plates non-conductive, it is going 
to reduce the horse-power. 

Mr. H. H. Suplee.—I1 think the last paragraph of the paper is 
interesting reading, from the fact that the author of the paper 
does not seem to think that the pickling amounts to much any- 
how, but relies principally upon the varnish. It really is a ques- 
tion, therefore, of varnishing the plates. 

The President.—These plates, I take it, are cast-iron plates ? 

Mr. Carleton W. Nason.—On the third page it will be noticed 
that he states the plates are of variable thicknesses, ranging 
from one-quarter to one-half inch. In his tables the thickness 
of the plate experimented upon is not given. I think, to be of any 
practical value, an experiment should be made in condensation on 
a plate first without pickling, and then the same plate should be 
taken and tested after pickling. Then, again, he has used no 
means in his experiment for keeping his water currents even and 
flowing constantly over the surfaces. He admits that his varia- 
tions in temperature are, he thinks, due to this point. Here you 
have water on one side of the plates, and steam on the other ; the 
condensation becomes so very active that a very small modifica- 
tion of the current on that surface will affect the condensation re- 
sult largely. For that reason particular attention should be paid 
in experiments of this nature, and in which the conditions are 
similar to those of surface condensers, to see that the water cur- 
rents are in all cases running at precisely the same velocities and 
in the same directions. I think that the experiments given are 
too crude, and should be made more carefully to have much 
value. 

Mr. Daniel Royse.*—Prof. Rankine, in the Steam Engine, 
discussing the transmission of heat through boiler plates, states 
that the resistance offered by the metal is so small compared with 
that offered by the surfaces that the former may be neglected. 
This is my authority for not considering the thickness of plate in 
my experiments. 


* Author’s Closure. 
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It has also been objected that there was no device for maintain- 
ing the water cyrrents “even and constantly flowing” during a 
calorimeter run. The temperature of the outflow, as shown by 
the thermometer ¢', varied, the cause presumably being uneven 
water currents. However, by observing the temperature of the 
outflow at regular and frequent intervals during the run, a mean 
was found and the effects of uneven currents thus eliminated. 
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TOPICAL DISCUSSIONS AND INTERCHANGE OF 
DATA. 


XXIIlp MEETING, PROVIDENCE, JUNE, 1891. 


No. 462-86. 


What limits are there to the speeds of hot-air or caloric engines? What is 
the least and greatest number of revolutions per minute known to you for such 
engines ? 


Mr. Geo. W. Bissell—Two years ago I made a test of a ca- | 
loric pumping engine having a stroke of piston of 24” and a 
diameter of cylinder of 6’. The pump was arranged to deliver 
the water at various heads from 5 to 70 feet. The speed dimin- 
ished with increase of head, and ranged from 120 revolutions per 
minute at 5 feet head to 35 revolutions per minute at 70 feet 
head. These figures correspond to piston speeds of 50 and 144 
feet per minute respectively. 

Mr. Fredk. Meriam Wheeler.—There is no reason why we can- 
not get as high a rotative speed in hot-air pumping engines as in 
any form of pumping engines. We all know, of course, that water 
cannot be hurried beyond a certain piston travel. The power of 
the engine being sufficient to handle the water, I do not see why 
the hot-air pumping engine cannot be run as high as 200 feet 

No. 462-87. 


Which is better economy in a foundry cupola, to melt rapidly, producing a 
relatively cool iron, or to melt more slowly, producing hotter iron ? 


Mr. W. O. Webber.—I have a few data in this connection which I 
would like to offer. From the first of May to the last of Decem- 
ber, 1890, we were getting about an average of 100 tons of clean 
castings a week from a 60-inch cupola, and melting about 8 tons 
per hour at that rate. The ratio of iron melted per pound 
of fuel was seven and a half. The number of pounds of clean 
castings which we got out of the total amount of iron put into the 
cupola was 753%. We wanted to increase the amount which we 


; 
ve 


1046 TUPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 


could melt in that cupola. Our foundry foreman said of course it 
could be done, but at a sacrifice in the per cent. of good castings 
which we would obtain ; that is, in melting it faster we would not 
melt it so hot, and we would lose more castings. I did not agree 
with him, and from January 10th to May 20th of this year we 
crowded the cupola so that the average melting for that period 
was at the rate of 11} tons per hour. The ratio of melting in 
pounds of iron melted to pounds of fuel was nine and a half. The 
difference between the efficiency of the cupola over the previous 
one, is three-fourths of one per cent. We got 75¢ of good castings. 
So that the difference is very slight when you come to reduce it 
down to figures and take a record for a certain period, which is 
the only fair way. It makes a difference also of about three dol- 
lars a ton on the economical side of the question in the quicker 
melting. We have had some remarkably good weeks. During 
the week ending May 7th we melted 13, tons per hour in a com- 
mon 60-inch cupola. We melted 10,3; lbs. of iron per pound of 
fuel, and the efficiency that week was 76.4 per cent. 

Mr. E. C. F. Davis.—I would like to ask Mr. Webber how he 
obtained this increase. 

Mr. W. O. Webber.—It was simply by using a stronger blast 
and putting in another row of tuyeres. 

Mr. H. L. Gantt.—I would like to ask what the blast pressure 
was. 
Mr. W. O. Webber.—Fourteen ounces, using just common coke. 
Mr. Gus. C. Henning.—The question, I think, has to be analyzed 
a little in order to give a proper answer. A cupola may be used 
for two purposes, as a converter or as a melter. If as a melter 
simply, the quicker the metal is melted the less fuel will probably 
be used. If this is secured by a high temperature, then the 
metal must be held before casting. In the Herbertz cupola, 
which is now extensively introduced in Europe and in England, 
and which will soon have representatives here, a new departure 
has been introduced. On the accompanying sketch (Fig. 332) it 
will be noticed that at P there is marked a jet. Instead of driving 
the air in under pressure at the tuyeres there is a steam-jet put in 
at that point. The result is a large increase in economy, amount- 
ing from 14 to 18% of cost of castings. The fuel consumption 
is very much decreased by that plan, using cold air for ordinary 
purposes, having open tuyeres, or permitting the air to enter be- 
tween the movable hearth and stack. In another case, when it is 
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desired to have very high temperatures for melting steel or irons 
which require them, there are the channels or duct pipes C, which 
come from a chamber in the top of 
the stack for heating the air; the jet, 
however, is exactly the same as before. 
The air is drawn into P and through 
the channels or duct pipes ( into the 
tuyeres, which are similar to those 
generally in use, and into the cupola. 
Under these conditions much greater 


fuel consumption is obtained, with less 
waste of metal. There is one radical 
difference in this cupola from all oth- 
ers. It does not convert metal like 
others; and when different metals 
are taken and mixed, the chemical or 
metallurgical effect in the furnace is 
comparatively slight. It has been 
found that in this furnace melting 
goes on so fast that it is merely a 


mixing furnace. There does not seein 
to be enough time to allow the carbon 
of the gases to combine with the iron 
or other materials to form fluxes, to 
change the material radically. At first, in trying to cast chilled 
car wheels the metal was so little changed from the original pig 
that they would not chill. A few experiments, however, demon- 
strated which crude metals had to be introduced to produce the 
desired effect. 

Mr. L. C. Jewett.—lt is well known that when the bed is low 
in the cupola the melting proceeds faster ; but there are greater 
chances for accident to cupola-ladles and to castings to be poured. 
The proportion of fuel to iron is a little less than when the bed is 
higher, and charges of fuel are gauged to maintain the bed at the 
point where melting is slower and hotter. When the melting-point 
is low and the production of melted metal is fast, the accumula- 
tions of “bugs” (so called in foundry parlance) are greater than 
when the reverse is the case. Dy bugs are meant the particles of 
metal which find lodgement and adhere to the spent fuel and cinders 
inside the cupola during the process of melting the iron. These 
bugs are recovered to a certain extent in most foundries by crush- 
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ing the cinders in a tumbling mill, but that takes time, with wear 
and tear, and much goes to waste through the crevices in the 
mill. When the melting is done slower but hotter, there is less 
lodgement of metal among the spent fuel. Almost all foundries 
find that several different brands of iron bring best results when 
mixed in a charge or burden, and these various brands vary in 
quantity in each charge. To melt with alow bed and low tem- 
perature there is not produced as homogeneous metal in the cast- 
ing as there will be if the mixture is melted at higher temperature 
and consequently slower. 

To have the bed reasonably high—not too high, but just high 
enough—to insure good white-hot liquid metal, not only insures 
a thorough mixing of the various brands, but it prevents to a cer- 
tain extent the changing of the nature of the carbon in the iron 
from the graphitic to the combined state, and it is believed to 
increase the amount of graphite in the resulting castings, thereby 
rendering them softer and more easily machined. 

A few years since it was considered the best economy to have 
the tuyeres in foundry cupolas low, and many are still found with 
but 8 to 10 and 12 inches depth from bottom of tuyeres to sand 
bottom of cupola. To-day, however, it is generally conceded 
among the most experienced that the iron is improved if tuyeres 
are high, and 26 and 36 inches above the sand bottom will now 
be found in several foundries, with evident improvement in the 
quality of the castings. The improvement is undoubtedly due to 
the fact that the transit of the metal from the melting zone, some 
20 to 22 inches above the tuyeres, to the sand bottom—if tuyeres 
were 4 inches diameter or wide—would cause the iron to travel 
through 22 + 4 + 36 = 62 inches, while all the while in contact 
with the fuel, and give a long chance to absorb carbon. Conse- 
quently the evidence is that, with the high bed and liquid-hot 
iron, the condition of the resulting castings is likely to be im- 
proved. 

With hot metal fewer castings are lost from not running well ; 
one does not have so many cold shuts, nor are so many poured 
short from the ladles, being what moulders term bunged up, ete. 
To sum up the results of the two methods: With low bed and 
quick melting, you have apparent lower fuel consumption, less 
time for the running of fans, and thus less wear and tear, with less 
consumption of power, etc. 

With higher bed and a little more time in melting, you use a 
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little more fuel, but have better iron, lower percentage of bad 
castings, less percentage of waste of metal in the form of bugs 
and from pouring on the floor to save bunging up the ladles ; less 
daubing used to reline the ladles and fuel to dry them, and less 
time of operator to keep them in repair; less chipping out of 
cupola, and consequent saving of lining, ete. 

After twenty years’ experience as a practical foundryman, 
having melted iron with all kinds of fuel, cupolas, and blast pro- 
ducers, I feel satistied that a little slower melting, with hot liquid 
iron, with the consequent confidence which it inspires, is to be 
preferred to the quick-melted, low-tempered dull iron, which carries 
doubt in every ladle poured as to whether the piece is run up 
good and sharp in the corners, or cold shut, ete. 

If the metal has to be churned or fed to prevent shrinkage, with 
the feeding metal too dull to keep the riser head open, then there 
is more doubt if the piece will be sound under the riser, ete., ete. 
Give me hot iron “every and all the time.” 


Can a water pyrometer be made to work successfully for high temperatures ? 


Mr, A. F. Nagle.—Perhaps it may not be inappropriate for me 
to say that the question is of my propounding, but in the form 
in which it is put above it does not solicit the information I 
want. 

The present water pyrometer is not, strictly speaking, a water 
pyrometer. It is a metal pyrometer. The metal is heated by the 
hot gases and then cooled in water, and from the units of heat 
imparted to the water the original temperature of the hot metal 
is calculated. 

It is now proposed that water be enclosed in a thin metal sphere 
and exposed directly to the hot gases for a given time, and from 
the heat imparted to the water in said time, with the aid of 
experimental data previously established, the surrounding tem- 
perature will be known. 

One of the most important features of this type of pyrometer 
is that we can obtain temperatures above the fusing temperatures 
of metals. 

It is thought desirable to limit the highest temperature of the 
water to 110° Fahr., and the least time of exposure to five 
minutes. 
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These proportions would make the error of observation in 
temperature, if the increase were 50° and the thermometer gradu- 
ated to 4 of a degree, about 54,; and the error in time, if the 
operation could be effected in three seconds, about ,} 5. The 
time is more difficult to obtain with accuracy than the temperature, 
but to prolong the time implies too large spheres. Are these 
safe limitations? If they are, the size of the spheres must be 
governed by the temperatures to be measured. 

Probably spheres 4, 8, and 12 inches in diameter will answer 
all the requirements of practice. 

What are the objections to such an instrument ? 

Can we obtain the experimental data which, if once obtained, 
can be applied to new conditions without serious errors resulting ? 

Let me relate some of the points to be established : 

1. The absorbing power of the water depends somewhat upon 
its being in either a quiescent state or in motion; but for the low 
temperatures involved will that be a disturbing factor of any 
magnitude ? 

2. Is copper the best metal to use ? i + 

3. A standard thickness of metal should be established. Is 
No. 25 B. & 8S. gauge a safe thickness ? 

4. The sphere when full of water must be without any air 
space, and the screw plug for the insertion of a thermometer 
must be thin and hollow, so that no part may be overheated. 

5. To protect the sphere from being ruptured by the expanding 
water, is it a sufficient safeguard simply to flatten it slightly at 
several points, or will it be necessary to provide some other 
means of compensation ? 

6. Is it better to attempt to preserve a bright or a dull surface 
on the spheres, and how greatly does one differ from the other in 
its absorbing power ? 

7. How greatly will the velocity of the hot gases affect the heat 
imparted to the sphere? While extremely low or very rapid 
velocities will undoubtedly have less or greater effect, still, within 
the limits prevailing in practice, will this be a factor so great as 
to necessitate the determination of the velocity in each case ? 

If it should prove that it will not be necessary to ascertain the 
velocity, then it will be a very simple instrument to use. We 
need but know the units of heat absorbed per minute by the 
standard size sphere, and, from data once correctly obtained, the 
temperature of the hot gases will be known at once. The only 
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care required by the operator will be the correct reading of the 
temperatures and time. 

I do not think it necessary to refer to the manner of conducting 
the experiments, or precautions to be observed, for they are such 
as will appear evident to experienced experimenters. 

I am not aware of any experimental data extant which could 
be safely applied to this proposed instrument. Are there any 
such in existence ? 

In the foregoing I have disclosed my line of thought on this 
subject. If any one chooses to pursue it for himself I shall be 
much pleased, or if any one has anything to suggest which will aid 
the development of the instrument, or has already knowledge on 
the subject which would seem to make it useless to pursue the 
scheme any further, I shall be glad to have it disclosed. 

Mr. David L. Barnes.—A water pyrometer such as is described 
would certainly be successful as a measure of temperature (if it 
were properly calibrated) for all those uses where the heat which 
was the origin of the temperature was radiant, or where the 
gases or liquid in contact with the pyrometer were vot in motion, 
or when in the same uniform motion. The manner of exposure of 
the pyrometer bulb would atfect the readings, so that while the 
pyrometer would give identical results under identical conditions, 
yet the results under different conditions would not be compar- 
able. For any given class of work, undoubtedly a water py- 
rometer would be satisfactory when calibrated for the conditions 
under which it was to be used, but as a universal pyrometer I 
doubt its value. This may be said of it: When properly cali- 
brated for a given set of conditions, it would undoubtedly be 
more delicate and accurate than any form of metallic pyrometer 
that I have ever seen. 

Mr. Geo. H. Barrus.—In reply to the query upon the water 
-pyrometer, I very much doubt whether such an instrument would 

g reliable, for the reason, which I fear, that the rate of transmis- 
‘sion on the second and later trials, after the surfaces had become 
foul, might not be the same as it was at first. 

Still, it would be an interesting thing to experiment on, and I 
‘should be glad to know what results can be obtained with this 
idea. 

_ Mr. W. F. Durfee.—The subject is an interesting and important 
one; but it is my fear that a water pyrometer on the plan you 
suggest would not be a practical piece of apparatus. The py- 
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rometer of Dr. Siemens depends substantially upon the principle 
which you suggest—the rise of temperature in a known weight of 
water; but in his instrument (or, rather, method) the element of 
time does not entér. There have been several attempts to measure 
high temperatures by the varying conductivity of a platinum rod or 
wire to an electric current, but I am not aware that any of them 
have been regarded as perfectly satisfactory. It would be very 
interesting to know just what kind of a pyrometer was used by 
King Nebuchadnezzar to determine with precision when his fur- 
nace was “heated seven times hotter than it was wont to be 
heated,” but I fear that no delver among the potsherds of Baby- 
lonia will ever discover that instrument. 

Mr. Henry M. Howe.—I fear that the indications of the py- 
rometer suggested would be extremely rough, probably less ac- 
curate than the judgment of an experienced eye. If few and 
isolated observations only are needed, the old method of mixtures 
leaves little to be desired—e.g., dropping an iron ball (initially at 
the temperature which is to be determined) into a known weight 
of water, and noting the rise of temperature of the water. But 
here the enormous variations in the specific heat of iron must be 
taken into account. The Seger pyrometric cones offer another 
ready means of determining intermittently and roughly even the 


highest temperatures, and are used in the royal porcelain works at 


_ Berlin with great satisfaction. 


But of all pyrometers, the most convenient and trustworthy un- 


_ der most conditions, where a large number of observations is to be 


s I believe to be the Le Chatelier instrument. By it we get 


not only accurate but continuous and extremely rapid readings, 
up to the melting point of platinum, probably with an accuracy 
of 10° C. It measures the temperature by means of the thermo- 


electric current set up by the junction of a platinum and a rho- 


dio-platinum wire, heated to the temperature to be determined, 
using a dead-beat galvanometer. Any good laboratory assistant 
can not only operate, but, after a little teaching, even calibrate it. 
Its cost is about $108. 

Mr. Carleton W. Nason.—I think that one of the chief objec- 


tions to a water pyrometer, if made as proposed, is as follows : 


The temperature of the shell holding the water will be approxi- 
mately at the temperature of the water. It would be exposed to 
two conditions—one, in which the surrounding heated gas is quiet, 
or ated so ; the other, it may be travelling very rapidly. Now, as 
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the pyrometer is dependent for its reading entirely upon the time 
in each case, the heating of the water will be very much greater in 
one than it will in the other case, and it would therefore be neces- 
sary to know at what velocity the gas currents were moving, which 
in many cases could not be obtained, and I should therefore regard 
a reading of that sort as unreliable and the proposed form of 
construction as not practical. 

Prof. W. A. Rogers.—As the query is stated, the use of the 
water pyrometer is limited to high temperatures. If this instru- 
ment will indicate high temperatures correctly, it certainly ought 
to give correct indications for lower temperatures. I am quite 
sure that it will not do this. The question of the time required 
for water to pass from a constant air temperature to another 
temperature also constant is a very important consideration in 
this connection. I have made an extended series of observations 
for determining the time required for mercury, for a bar of steel 
having a length of 40 inches with a width of half an inch, and for 
varying volumes of water, with the following results : 
Hi. 


M. 


For water having depths varying between 4inch and4inches 17 00 


While the greater part of the changes occur within moderate 
intervals of time, the changes which take place after the lapse of 
considerable time cannot be neglected. 

It will be seen from these experiments that the slow thermal 
action in the case of water forbids its use as a means of measur- 
ing ordinary temperatures. 

But there is another very important consideration in this con- 
nection. If I read the indication of a thermometer placed in a 
tumbler of water, I naturally conclude that this reading indicates 
the real temperature of the water. To a certain extent only is 
this true. Water never rises to the temperature of the surround- 
ing air, on account of the cooling effect due to the evaporation 
which is continually taking place. The indicated temperature of 
water, therefore, is the temperature as affected by the evaporation 
going on at the particular instant when the observation is made. 
The cooling effect due to this cause is very slight in the neighbor- 
hood of the freezing point, but it is surprisingly great in the case 
of high temperatures. As the result of a large number of experi- 


ments, I find that at 50° Fahr. water is always 0.7° lower than the 


surrounding air, while at 85° it is 2.5° lower. At still higher 
temperatures it will probably be found that the cooling effect of 
evaporation increases very rapidly. 

I should further say that, in my judgment, a simple metal 
pyrometer will give as accurate an indication of the temperature 
as can be obtained. I base this opinion upon the results which 
I have obtained with an interference reflectometer invented by 
Prof. Edward Morley, of Cleveland, Ohio. With the aid of this 
instrament I have found it a very simple matter to count the 
number of wave lengths of sodium light which correspond to the 
difference in lengths of bars of steel and bronze having a length 
of about 42 inches. The precision with which these optical com- 
parisons can be made is very great. The limit of error is certainly 
not greater than one five-hundred-thousandths of an inch; and 
often closely approaches a millionth of an inch. The temperature 
of the bar was obtained from thermometers haying their bulbs in 
contact with the vertical face of the bar. 

It appears from these experiments that the bars follow the in- 
dications of the thermometers at least between 10° to 90° Fahr., 
within about one twenuty-five-thousandths of an inch, that is, 
the observed difference in length agrees with the computed differ- 
ence within this limit. All of my observations show that metals 
in the form of a thin sheet, having, for example, a thickness of two 
or three hundredths of an inch, take the temperature of the sur- 
rounding air rather more quickly than the mercurial thermome- 
ters of good quality. 
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MEMBERS DECEASED DURING THE YEAR. 


MEMORIAL NOTICES OF MEMBERS DECEASED 
DURING THE YEAR. 


FRANK W, PADGHAM. 


Mr. Padgham was born December 30, 1854, in Syracuse, 
N. Y. After graduating from the high school he served four 
years in the Straight Line Engine Co., in the machine and 
pattern shops and in the drawing room. In 1885 he entered 
Sibley College, whence he graduated in 1885 with the degree of 
7 M.E. From {888 to 1890 he acted as chief draughtsman and en- 
gineer for the C. W. Hunt Co., of New York, and in October of 
the latter year he accepted a position as chief engineer of a divi- 
sion of the Pipe Line under the control of the National Transit 
Co, with headquarters at Oil City. This position involved the 
care of 250 miles of pipe and the machinery of the pumping sta- 
tions. He connecied himself with the Society at the Richmond 
meeting, November 11, 1890, but an illness of the typhoid type 
prevented his enjoying any of the advantages of membership. 
He passed away January 26, 1891. 
Mr. Blake was born February 23, 1854, in Connecticut. He 
graduated in 1876 from the Worcester Institute, having pre- 
viously served three years as machinist in the Washburn & Moen 
machine shop. From 1877 to 1879 he held the position of ad- 
junct professor of chemistry at Lafayette College, Easton, Pa., 
and from 1879 to 1881 2 was assistant superintendent of the 
Pennsylvania Lead Co. From this latter date he was their su- 
perintendent and manager, engaged in controlling the work of 
smelting and refining silver lead bullion. Under his manage- 
ment extensive electric plants were put in for lighting and for 


the parting of silver and goid, and he also made important 
changes in the mechanical appliances for handling and treating 
the material of the works. He joined the Society at the New 
York meeting of 1886, and was an interested member until the 
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time of his death. He had gone to Helena, Mont., on business 
for the firm, but a heavy cold caught during the severe weather 
developed into pneumonia and he died far away from home, 
February 21, 1891. 


THOMAS PETERS CONANT. 
eS Mr. Conant was born at Paris, France, July 11, 1860. He 


prepared for college at the Polytechnic Institute of Brooklyn, in 
which city his boyhood was spent, and received his professional 
training from the Columbia School of Mines, from which he 
graduated in June, 1882. He acted as assistant engineer for the 
Tilly Foster Lron Mines for a few months, but in the autumn of 
that year he began his preparation for his electric acquirements 
by a year’s study inthe laboratory of Thomas A. Edison. At the 
expiration of this time he undertook regularly the business of 
constructing electric-light stations for the Edison Company, and 
left his impress on various plants in Pennsylvania and New 
England. In February, 1886, he was sent, in the interests of the 
Electrical Accumulator Co., to England, and on his return was 
made their engineer, working for them upon accumulator instal. 
lations until 1889. In July of that year he became superin- 
tendent of construction with the Edison Company, and at the 
time of his death was their district engineer in charge of the 
Eastern District, and his work comprised railway work as well 
as central stations and isolated plants. He died on the 24th 
day of February, 1891, after a painful illness of four months. 
He joined the Society as a junior at the Cleveland meeting in 
1883, and was promoted to full membership at the New York 
meeting in 1889. 


Mr. Worcester was born at Albany, September 1, 1860. He 
yas prepared for college at the Albany Academy, entering Yale 
College, to graduate therefrom in 1882. He then entered the 
Sheffield Scientific School, whence he graduated as Ph.B., part 
of the time having been spent in study in Europe. He received 
the full degree of Dynamic Engineer in 1886. [lis father being 
vice-president of the Michigan Central, as well as secretary of the 
New York Central & Hudson River R. R., he had an opportunity 
to enter the car shops at Jackson, Mich., of the Michigan Cen- 
tral roads, remaining there as machinist’s apprentice from 1885 
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to 1887. After acting as locomotive fireman on the Michigan 
Central and Hudson River roads, he became, in February, 1888, 
assistant superintendent of motive power for the Duluth, South 
Shore & Atlantic R. R., with headquarters at Marquette, Mich. 
In 1889 he resigned this position, and after acting for a short 
time as inspector for the United States Government upon the 
new breakwater at Marquette, he connected himself with the 
Iron Bay Company, at first at Marquette and later at West Du- 
luth. In July, 1890, he became general agent for the Montana 
region for firms making a specialty of mining machinery, which 
compelled him to make his headquarters at Helena. He was 
attacked during the winter with the severe pneumonia which 
appeared at that time almost to be an epidemic in Montana, and 
he died suddenly on March 3, 1891. He joined the Society at 
the Scranton meeting, October, 1888. 


JAMES A. CROUTHERS. 


James A. Crouthers was born at Astoria, N. Y., May 18, 1846. 
He served an apprenticeship and worked under instruction in 
the Novelty Iron Works, New York, and in other shops ; entered 
the United States Navy as 2d assistant engineer, U.S. 8. Saco, 
under J. Henderson as chief; and afterward served on U.S. S. 
Chenango, with Samuel Shear as chief, whom he afterward suc- 
ceeded. He was also assistant engineer on U. 8. 8. Hartford, under 
Abraham Lefton as chief. In 1867 he was made chief engineer for 
ocean steamers, and as such was in charge of several merchant 
vessels. He connected himself with this Society at the Atlantic 
City meeting, in May, 1885, and at that time was agent and man- 
ager for certain firms engaged in the manufacture and sale of 
steam specialties. He was an active manager of the Board of the 
American Institute, of this city, and died at his home, January 
15, 1891. 

LUKE CHAPMAN. 

Mr. Chapman was born at Willington, Tolland County, ie - 
in 1835. He began his mechanical career in work connected 
with the manufacture of bayonets, under a contractor for the 
Collins Company, at Collinsville, Conn., early in the Civil War. 
Owing to his ability and judgment he was soon appointed in- 
spector of the finished bayonets. In 1868 he was promoted to 
the position of master mechanic for the Collins Company, which 
position he held to the time of his death. 
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He improved and perfected many machines for machine forg- 

ing and the working of metals in connection with the manu- 
facture of edged tools, and obtained numerous patents for im- 

provements on ploughs of several kinds. His mechanical life, 

covering a period of about thirty years, was all spent in the 

employ of the Collins Company, at Collinsville, Conn., where he 

died July 16, 1891, from a chronic disease from which he had 

suffered many years. He connected himself with the Society in 
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CCCCLXIV. 
APPENDIX. 


ADDRESS AT THE UNVEILING OF A PORTRAIT OF 
ALEXANDER L. HOLLEY, 


LATE MEMBER OF THE SOCIETY, AND HONORARY MEMBER IN PERPETUITY, AS 
FOUNDER. 
BY JAMES C. BAYLES, NEW YORK CITY. 


(Delivered November 28, 1890.) a 
Mr. PresiDENT AND GENTLEMEN : 

sy a curious coincidence, which I cannot regard as other than 
very flattering, I come before you this evening charged with a 
double duty, which I shall have great pleasure in performing as 
well as Lam able. That I have been selected is due to the sur- 
prising vitality of a tradition which has outlived by many years 
whatever basis of truth it may have had in the beginning. When 
I was young, and my time was devoted to the blithesome and 
variegated profession of journalism, I probably possessed a 
certain happy talent for so manipulating words as to conceal, 
like beads on a string, the slender thread of thought which gave 
them a semblance of continuity. But such a talent, if talent it 
be, cannot long survive the sharp focalization of thought and 
purpose upon the troublesome problems of a manufacturing 
business. If, therefore, my effort to serve you in lieu of an ora- 
tor on this pleasant occasion shall result in disappointment to 
all concerned, please remember that to me, as to all creatures, 
applies the law of differentiation due to change of environ- 
ment. My present environment is not conducive to literary 
fertility. 

[have alluded to a double duty as constituting my service 
this evening. By request of the donor, I shall have pleasure in 
presenting to the Society a gift of great interest and value. By 
request of the management, I shall receive it on behalf of the 
Society. This arrangement, though unusual, has many advan- 
tages. When, on such occasions, one person makes a speech of 
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presentation and another a speech of acceptance, it is almost 
inevitable that one will suffer from contrast with the other. It 
is usual, moreover, that one speech does not quite fit the other, 
each speaker having labored under a misapprehension as to what 
the other was likely to say. I had an interesting illustration of 
this at a recent meeting of the Institute of Mining Engineers in 
a western city. I was told in advance that the mayor of the city 
would welcome the institute ; and as it was my duty, ex officio, to 
respond for the visiting membership, I first roughed out such 
a speech as his honor would be likely to make, and then framed 
a suitable response. But the mayor did not say what I had 
expected he would. Iam told he never does. On the contrary, 
he told how, as a boy, he had mistaken one mineral for another, 
and dwelt at length upon the importance to the mining engineer 
of knowing “the difference between true silver and pyrites of 
lead,” which so paralyzed me that I really could think of noth- 
ing appropriate to say in reply, unless, indeed, that for the same 
reason the mathematician should know the difference between 
calamus root and the cube root of minus zero. 

In view of this and sundry similar experiences, I consider it a 
great cause for congratulation—or, rather, I consider that I have 
good reason to congratulate myself—that, having to make the 
speech of presentation, I am also to make the speech of accept- 
ance. 

On behalf of a gentle and estimable lady to whom many of 
us are very deeply and sincerely attached, and in whom we 
recognize a high exemplification of the virtues and graces of true 
womanhood—Mrs. Mary H. Bunker—i have great pleasure in 
presenting to the American Society of Mechanical Engineers 
the portrait of Alexander L. Holley, which will in future adorn 
the walls of our permanent home. It is not the wish of the 
giver that the occasion should be one of ceremony; much less 
that in conveying her gift to the Society I shall much exceed 
the mere statement of fact in the fewest and simplest words 
which will express it. To select from the many portraits of 
Holley those which best expressed his true personality; to 
shape the thought and guide the hand of the artist, who had 
never seen the one portrayed; and to place the finished work 
where it will be most valued and best preserved, is the last trib- 
ute of love to the memory of one who was, perhaps, better loved 
than any man of his time. That the portrait is faithful, those 
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are agreed whose relations with Holley were the closest and 
most intimate. That it will perhaps disappoint many, at first 
glance, is to be expected. We have become familiar with a pict- 
ure which, however charming, is not a portrait. The mischiev- 
ous skill of the retoucher of negatives has idealized the face by 
obliterating the modelling, and from our long acquaintance with 
the photograph with which we are most familiar, we have probably 
forgotten how Holley really looked. As this portrait, with its 
strong modelling, is studied, memory will recall the living orig- 
inal with startling but pleasing vividness. What we shall miss 
no skill could reproduce—the indescribable “sweetness and 
light” which beamed from Holley’s eyes and ever played upon 
his lips. We must let memory supply this deficiency. For 
those who knew him well this will not be difficult. We no 
longer sorrow for him. As the curtain falls from the face of the 
portrait, so from our eyes fades the mist of tears, and we see 
the man we loved so well as we knew him in the bright years 
of the brilliant professional work which is his noblest and most 
enduring monument. 


Gentlemen of the Society of Mechanical Engineers, I have 


pleasure in assuring you that, in the opinion of the lady to 
whose liberality we are indebted for this most welcome and 
valued gift, no greater honor could be paid to the memory of 
Alexander Lyman Holley than that his portrait should be the 
first to be hung in what we hope will be the Parthenon of 
American Engineering. If I refrain from saying more, it is 
because I respect the wish so strongly expressed to me, that the 
presentation be as informal as possible, and that not the giver 
but the gift be the subject of our thought. 

In receiving it on behalf of the Society, it is unnecessary that 
I should repeat the formal expression of thanks which has 
already been communicated to Mrs. Bunker by direction of the 
Council. Let me rather use this opportunity to point out, for 
the benefit of those of our membership who knew him not, and 
especially for those who represent a later generation of the pro- 
fession—the young men who are already crowding us of 
earlier date into the dignified, but not always welcome, leisure 
suited to the afternoon of life—what his career and character 
teach those who are moved to study worthy examples and 
profit thereby. 

It is not my intention to review his life work or trace the 
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steps of a professional career so successful, and yet so different 
from what his youthful imagination pictured. This has been 
done many times by loving biographers Dr. R. W. Raymond, 
in his masterly tribute to the memory of Holley, since embodied 
in the memorial volume, has told the story of his life with the 
skill of a master. By invitation of this Society, it was my 
pleasure and privilege at our memorial session to place upon 
record a consecutive narrative of his professional career. More 
recently, Mr. James Dredge, of London, in the memorable 
- address before the representatives of the profession of two 
- eontinents, has completed the record, and paid to Holley, 
as an engineer and a man, a tribute which seems to leave 
nothing unsaid. 
We will not, however, find in the record of Holley’s work, nor 
in the catalogue of his inventions, an explanation of his phe- 
nomenal career, still less of the spontaneous outpourings of 
sorrow evoked by the announcement of his death. Greater 
men than he have passed away, almost without attracting notice. 
Lives characterized by every endearing trait have failed to leave 
a lasting impress upon the generation which knew them. Why 
was Holley’s career so like the flight of a meteor, and why did 
its termination leave the earth and the heavens dark for more 
people than the most famous of us know, or are known to? It 
was not alene because nature had so richly endowed him with 
talents and made him so attractive and lovable, or that he gave 
pleasure to those with whom he came in contact by his quick 
wit and his rare power of pleasing. To his unconquerable 
enthusiasm, triumphing over difficulties greater than most of us 
have ever known; his earnestness of purpose, which nothing 
— could swerve or discourage ; his patience and forgiveness when 
wronged, and his absolute honesty, more than to his talent and 
his power to charm, I attribute his hold upon the respect and 
affection of his contemporaries. The measure of success which 
came to him in the later years of his life, and which enabled 
him to realize the dearest wish of his heart, that his death 
| might not bring deprivation to those he loved best, I attribute 
solely to the fact that he inspired and merited the absolute 
confidence of those who employed him professionally—men who 
had taken the print of the golden age, and into whose plans no 
sentiment entered. Whatever Holley undertook absorbed him. 
‘To that which he had to devoted with an utter 
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disregard of all selfish considerations. To his wife, the sharer 
of his sorrows and disappointments, as of his joys and successes, 
ever his wisest counsellor and best friend, he said, many times 
and in many ways, “ To those who employ me, I give the best I 
have” No one ever employed Holley’s professional services 
who did not have reason to feel that to the work given him he 
brought zeal, enthusiasm, and fidelity. His was no half-hearted 
service, concealing the hope that in it, or behind it, lay some- 
thing of present or future advantage for himself 

In his association with engineers, Holley made friends easily. 
But in these days of keen business and professional competition, 
something more than a winning smile and a happy facility of 
graceful speech and gracious compliment are needed to grap- 
ple to one’s heart with hooks of steel the friends one makes. 
Holley did it by his unselfishness and honesty. Never seek- 
ing to advance his professional interests at the expense of 
another; always ready and eager to give credit where credit 
was due; always frank and truthful, and as ready to impart 
knowledge as to gain it, he won hearts wherever he went. 
Those who knew him were eager to be admitted to his con- 
fidence, and freely gave him theirs. Nothing mean or selfish or 
false was ever suspected of Holley; and in the intimate story of 
his life, there is nothing over which a friendly hand would wish 
to draw a veil. Probably no American engineer ever had more 
opportunities to turn to personal account the service he had 
engaged to render for others. It is because truth, loyalty, and 
sincerity were the governing principles of his life, that his career 
was so conspicuously brilliant, and that America and Europe 
have competed in doing honor to his memory. 

Holley’s standard of professional ethics was one which left 
no room for quibbles or questions. It was the unwritten law of 
duty, which admits of no misinterpretation. Personal advantage 
and loyalty to his employers were to him utterly incompatible, 
and his clear mind rejected the sophistries by which weaker 
and more plastic natures are corrupted. The subtle temptations 
which shrewd men of business too often devise to influence the 
judgment of the engineer Lad for him no attractions. However 
disguised, the bribe was, in his judgment, a dishonor ; its tender, 
an insult. No man made merchandise of his reputation, or influ- 
enced his judgment by appeals to his self-interest. On these 
high qin securely rests the reputation which has survived 
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him, and these alone would warrant the honors which have been 
paid to his cherished memory. 

As a member of this Society, one of the first on its original — 
roll, a participant in the initial steps looking to its organization, 
 and—as I may mention for the information of one of my friends — 
its first secretary, I am proud of its success, proud that it: 
q ranks A. L. Holley among its founders, and proud that its walls_ 

are adorned with his portrait. On behalf of the Society, I receive a 

“g he gift with sincere gratitude and profound appreciation. 

The love which consecrates the gift makes it, for us, as sacred 
as a devotion upon an altar. While those of us who knew and 
loved him live, its presence will make our home more home-like, 
and be at all times an inspiration. When we are gone, let us 

_ hope it will still be cherished for our sakes, as well as for his; ; 
and when we look at it, as we shall often be moved to do, let us 

_ remember that the man whom we delighted to honor living, and. 

to remember dead, as the first among American engineers, was no 

: ee gloomy recluse, impatient of the wholesome pleasures which rest: 

mind and body, but one whose joyous nature welcomed relaxa- 

tion, and who could surround even the most serious concerns of 
life with a luminous photosphere of scintillating wit. If, as I 
hope, we shall find this house the home of pleasure as well as a 
place for serious work, the memory of Holley will never be in 


discord with our mood. 
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